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Pirate I.—Ovr Ovrpoor ENvIRoNMENT. 


How many different things can you find above which make 
up our environment (see section 1)? How many are useful 
to us? How and why are they useful? 
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PREFACE 


Tus text is an organized study of our ervironment, for 
beginners in science. It has seven major aims: (1) to increase 
the pupil’s appreciation of the factors of his environment; 
(2) to develop his powers of observation; (3) to train him in 
the scientific method; (4) to stimulate him to organize his 
common experiences for use in the solution of new problems; 
(5) to help him forni right habits; (6) to develop his desire to 
practice personal hygiene; and (7) to teach him the specific 
ways in which the principles of science are applied to the 
work of the world so that he may fully realize the importance 
of science in the home, community, state, nation, and the 
world at large. 

Since activity is a fundamental characteristic of the early - 
adolescent, observations, problems, experiments, and proj- 
ects must be dynamic. Fortunately, air, water, heat, light, 
and electricity are all active. They interact and seem to 
enjoy activity just as the adolescent enjoys active living. 
They are codrdinated through energy and work and their 
activities are the results of this codrdination. Through a 
study of their activities as factors of his environment, the 
pupil can organize a knowledge of his environment according 
to his natural interests. He sees his surroundings as a 
dynamic whole. Thus environment supplies the cue for the 
selection of materials, while energy furnishes a cue for the 
method of study of general science. 

The all-embracing goal of the study of science is to give the 
pupil an overpowering curiosity and desire to know the truth. 
If he can understand the principles and the labor involved in 


the discovery and perfection of man’s appliances for the 
iii 
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control of energy and matter, he is in a position to feel that he is 
intimately related to the work of the world and that he may 
some day make a valuable contribution to the promotion of 
happy living. 


PLAN OF THE BOOK 


In general the plan of this book is to develop materials ard 
methods of study in logical sequence through Parts I to 
VIII. The plan of each part is given below. 

Part I: Environment, Energy, and Work. The apd is 
introduced to his environment. He learns its meaning and 
importance, and some of the laws contag ing it. He begins 
the process of generalization. 

Part II: The Work of the Factors of Our Environment. 
Here the pupil is taught to observe the factors of his environ- 
ment at work for man in the home and community. Obser- 
vations, demonstrations, and experiments give him the first 
dynamic aspects of the study of science. 

Part III: The Importance of Industry. Energy is shown 
to be the link which connects environment with the work 
of the world. The pupil will take keen interest in the dy- 
namics of manufacturing, agriculture, transportation, com- 
munication, and other vocational activities. 

Part IV: The Source of All Energy. The fundamental 
fact is here developed that the sun is the source of all energy ; 
that industry, the weather, and the work of the home are all 
dependent upon the sun. 

Part V: The Storage and Use of Solar Energy by Living 
Things. The transition from the inorganic to the organic 
aspects of environmental study is made by investigation of 
the process of storing up solar energy in the form of food, 
in the products of farm, ranch, and garden. 

Part VI: The Work and Care of the Human Body. The 
pupil learns here that the human body is an engine run by the 
conversion of solar energy into muscular energy through the 


Preface Vv 


medium of food. The proper care and development of the 
engine and its engineer (the brain), through the formation of 
right habits, are emphasized as vital factors of self-improve- 
ment. 

Part VII: The Work of Protecting the Human Body from 
the Dangers in Its Environment. The invisible foes of the 
body which are present in air, food, and water, are revealed 
through experiment and discussion. The pupil studies dis-: 
ease prevention and learns that its beneficial results are a 
product of the scientific method. 

Part VIII: The Work of Improving Living Things. This 
last division shows that the continuation of man’s control of 
his environment depends primarily upon his control of the 
quantity and quality of plants and animals, and upon the 
improvement of man himself. 


SPECIAL FEATURES 


Characterizing all of the above parts are the following 
special features : 

1. An Introductory Chat occurs in a box of bold-face type 
at the beginning of each chapter. It gives a proper approach 
to the work of the chapter by its challenge to the pupil’s 
present fund of knowledge. 

2. Practical Questions focus the pupil’s attention on the 
work of the chapter and recognize that he is already in a 
position to contribute something to the subject. 

3. Home and Field Problems present a concrete articu- 
lation between home, community, and school activities. 
They help the pupil see that his science is of a practical 
nature and furnish him with practical applications of the 
information gained in science work. 

4. The Conversational Style makes the pupil feel that this 
book was written especially for him. Definitions are written 
with a view to objectifying the ideas they present. Many 
statements which, from the standpoint of pure science, may 
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seem incomplete are justified by pedagogical considerations 
for the mind of the ninth-year pupil. The effort has been 
to avoid abstract or technical terminology by use of simple 
yet adequate wording. 

5. Key Words are found at the ends of the first five 
chapters, with provision for their development thereafter. 
They offer a splendid background for review work. As an 
oral exercise, their exact meaning may be brought out in 
short sentences or paragraphs, thus supplying excellent drill 
in the formation of general concepts. 

6. The Review Outline is to be used in the way its name 
implies. Topics may be assigned and elaborated in oral or 
written exercises. 

7. The Summary is a condensed story of the chapter. 
Every sentence is a theme for elaboration in oral or written 
work. ‘Topical words and phrases are here italicized for 
ready reference. 

8. The Thought Questions test the ability of the pupil to 
apply his science to new situations. 

9. Special Problems throughout the book and in the 
appendix present the fundamentals of project work. 

10. References have been selected with special regard for 
the interests of the ninth-year pupil. 

11. Demonstrations are numerous. Twenty-eight of them 
are marked as Keys because they are especially important 
units in the organization of the subject matter. They focus 
discussion and develop the scientific attitude of mind. All 
Key Demonstrations are to be entered in the pupil’s Science 
Discovery Book. Directions are given on pages 5 and 35 
which will produce a fairly uniform set of such entries, there- 
by lightening the work of pupil and teacher. 

12. Suggested Experiments supplement the Key and other 
demonstrations, serving as original tasks in the home or 
school. 

13. Illustrations are based on the belief of the authors that 
every picture should (1) increase interest in science; 
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(2) amplify and interpret the text; (3) present a real problem 
for study; and (4) be clear and easy to understand. Five 
types of pictures appear: (1) (Key) Demonstration pictures 
guide the pupil in assembling apparatus, though in no case 
are processes detailed. (2) Subject Matter Illustrations were 
selected for their clearness. Beneath each is an explanation 
or a series of questions requiring close study of the picture. 
(3) A Key Picture introduces every chapter and incorporates 
its leading ideas. It is to be used constantly as the chapter 
is studied. (4) The Biography Pictures with their legends 
add an intimate human touch. (5) The Colored Plates fea- 
ture generalized problems which coérdinate the major units 
of the book. 


ARTICULATION OF THE TEXT WITH THE MODERN 
SCIENCE SERIES AND WITH THE SPECIAL SCIENCES 


This text aims to adapt the work to the needs, interests, 
and previous training of the ninth-year pupil. It is a self- 
contained treatment of general science but at the same time 
it preserves the continuity of development in the three books 
of the Modern Science Series. While it is an accumulative 
text in its own series, it is especially designed as an inde- 
pendent and comprehensive book in general science for either 
the third year of the Junior High School or the first year of 
the Senior High School. 

From the first chapter to the last there is a gradual se- 
quence of topics, fitted to the understanding of the ninth- 
year pupil through use of the inductive-deductive method. 
Constant reference and application to the central theme, 
man’s use and control of his environment, have produced a 
unified treatment of the special sciences. Their special ap- 
plications are presented in a fashion suited to the needs and 
capacities of the ninth-year pupil, thus preparing him 
for the next steps in his science work, the studies of biology, 
chemistry, physics, physiography, and other special sciences. 
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Key Picture 1.— Our Inpoor ENVIRONMENT. 


The many things surrounding the man in this picture are all immediate 
factors of his environment. Which are necessary to his existence? Which 
are not? This picture serves as a key to Chapter I. 
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OUR ENVIRONMENT 


HOW WE USE AND CONTROL IT 


PARTI 
ENVIRONMENT, ENERGY, AND WORK 


CHAPTER I 
SOIENCE AND LIFE 


1. Wuat You SEE aBout You 


Knowledge advances by steps and never by leaps. — Macaulay. 


1. Your Surroundings. — Every bit of knowledge which 
you possess has come from your surroundings. How do you 
know what the wind is? or the rain? or the sun? Did 
this knowledge come from within yourself? Consider any six 
objects with which you come in contact every day. Where are 
they? They are found in your surroundings. The things 
which surround you, things which you can see, feel, hear, 
smell, taste, or know in any way, make up what is called your 
environment. Environment, then, consists of the surround- 
ings in which you live. 

You come in close touch with these surroundings every 
moment of your life. The character of your daily activities, 
such as eating, drinking, sleeping, playing, and working, de- 
pends on your relation to your environment. This holds 
true whether you live in the country or in a crowded 
city. All the problems of your life, then, have to do with 
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your relation to light, heat; and electricity, and to water, air, 
soil, food, and other substances of different kinds. These 
things we call the facters-of your environment (Key Picture 1). 


1. Name five factors of your environment which are of impor- 
tance or value to you and tell how they are important or valuable. 

2. Make a list of ten different ways in which our environment is 
used every day to help us carry on our work. 

3. Make a list of all the factors of the environment you can dis- 
cover in the frontispiece. 

4. Make a list of several 
facts you already know 
about the factors you have 
named. 

5. Add to this list of facts 
any others you may be able 
to find in a dictionary about 
each of the factors you have 
named. 

6. Make a scientific 
statement about any six 
factors, including all of the 
facts you have collected 
about them. Copy these 
statements in your Science 
Discovery Book (see oppo- 
site page). 





FicuRE 1.— THE ENVIRONMENT OF LIVING 
THINGS. 






2. Environment and 
How many living things are in this Life. —aif you classify 
ture? In what ways are their envi the factors of your en- 
ments the same? Do they all need the vironment in a scientific 
same things in order to live? How are . Ps 
they fitted to use those factors of their “#0Mery ou will find that 
environment which keep them alive ? they form two groups : 
(1) those necessary to 
life, and (2) those which are not necessary to life. Long 
before man knew anything about the use of coal, or electric 
lights, or the value of steam, he needed water to drink, food to 
eat, and aiz,to breathe. Thus some of the factors of your en- 
vironment are absolutely essential to your existence and to 


every other living thing. (What factors are necessary to the 


YOUR SCIENCE DISCOVERY BOOK 


As you study your environment you will make a good 
many discoveries. You will see things new to you and 
will look at familiar objects in a new light. You will find 
pictures in magazines or come upon newspaper clippings 
which will appropriately illustrate your discoveries. Where 
can you put all these interesting things? What better 
place could possibly be found in which to enter your ob- 
servations and record your discoveries than in your Science 
Discovery Book ? 

And what is this Science Discovery Book? It is a 
note~book uniform in size and quality with the others in the 
class. Whether you buy it or whether your school issues 
it to you, let it be your own, your personal possession, 
devoted entirely to your observations, discoveries, experi- 
ments, special problems, reports, readings, and drawings, 
and to the pictures you collect. It will also contain your 
Key Word stories (p.23) and your Review Outline com- 
positions. You will really build little by little a text-book 
of your own, just as the author has built this book. 

Spare no effort or time in making your Science Dis- 
covery Book the finest book in your class. Make it as 
neat, as attractive, as scientific, as complete, and as 
beautiful as you possibly can. It will be a source of sat- 
isfaction and pleasure to you as you study science. 
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man in the Key Picture?) You should be greatly interested 
in finding out all you can about these factors. 

Can you imagine what life would now be without the auto- 
mobile, the steam locomotive, and the electric car? Yet 
the writer of this paragraph was as old as most of the boys 
and girls who read this book before electric lights and trolley 
cars were used. Indeed, the first successful automobile in _ 
the United States came into use no longer ago than 1898. ~ 





FiGURE 2.— WATER IN ITS RELATION TO PLANTS. 


The bean seedlings at the left had plenty of water. The same seedlings at 
the right ten days later. What made the difference? Explain. 


‘To see relations between the factors of environment is the 
real basis of discovery and invention, as well as a source 


of much pleasure. Suppose you try to discover some of 
these relations. 












Now look at the frontispiece and answer the following 
questions about it in your Science Discovery Book. 


1. Name all the factors you can see in the environment 
here pictured which are important (a) to the people; (b) to 
the animals; (c) to the plants; (d) to the insects; (e) to the 
birds. 

2. Which of these factors are necessary (a) to the people; 
(b) to the insects ; (c) to the plants; (d) to the birds? 


Environmental Factors 7 





— 
HOW TO PRONOUNCE 


All the words in this book which may be hard for you 
to pronounce are marked. By following the sounds indi- 
cated below you should be able to pronounce any of such 
words without the least trouble. The pronouncing scheme 
here used is that found in Webster’s dictionary. 





4 as in Gle; 4 as in senute; 4 as in cadre; 4 as in ‘am; 4 as in 
drm; 4 as in sofa. 

é as in éve; € asin gent; é as in énd; @ as in maker. 

00 as in food; 00 as in foot. 

i as in ice; i as in iil. 

6 as in old; 6 asin bbey; 6 asin 6rb; 6 as in ddd. 

ou as in owt; oi as in oil. 

ias in dse; tiasin unite; fiasin arn; tas in tip. 

zh asin azure. gasingo. y for the nin bank. 





ee 3. Environmental Factors Differ in Their Importance to 
Living Things. — Your previous study of science has no doubt 
proved to you that while all animals and plants must use 
certain factors of their environment in order to live, yet 
these factors vary in their value to and use by living things. 
Fish, for example, live in the water and can live nowhere 
else. Land animals, on the other hand, such as the dog and 
the horse, would soon die if kept under water. They must 
breathe free oxygen (6k’si-jén) through their lungs. All 
green plants need light in order to grow (Fig. 3), but other 
plants, such as mushrooms, will thrive in a dark cellar. Some 
plants need little light. Others, such as roses, need much 
light. All animals and plants (Fig. 2) must have water, but 
some need it in greater amounts and more frequently than 
others. The camel, for example, can go for many days with- 
out,a fresh drink of water, but man can live only a very few 
days without it. Some of the lower animals can exist weeks 
and even months without contact with moisture. Some in- 
sects do not like light and run away when exposed to it. 


er 
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Moths and birds are attracted to it. Mice live in walls 
without light. Polar bears live in regions of little heat, 
while alligators live in hot, tropical regions. To most plants 
soil is necessary, but some float free in the water and others 
seem to grow upon bare rock. Study Figure 4 and answer 
all questions on it. 
_/4. How Environment Affects Living Things. — Each ani- 
“mal lives in a different environment and seems to be in some 


‘ : Sy 
X piNGCLE? 





Popular Science Monthly. 


FicuRE 3.— LIGHT AND LIFE. 


An experiment which proved 
the extreme sensitiveness of 
mustard seedlings to light. 
Covered by a box into which 
candlelight was allowed to 
’ filter through a pin-hole, the 
seedlings after five minutes were found to be leaning toward the source of 
light, as shown at the right. 


Do you think light is a necessary factor in the environment of plants 
Can you explain this ? 





way fitted (adapted) to the environment in which we find it. 
It gets along in its home region with little difficulty. 

The body of a fish is shaped to move easily through the 
water. Its fins are fitted to propel it; its gills, since it 
cannot use lungs, take free oxygen out of the water; its 
body is covered with scales and slime; its eyes are adapted 
to seeing nearby objects only (Fig. 5). 

The bird, on the other hand, has hard, very strong bones, 
adapted to flight. It has a body well-shaped to cleave the 
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FicuRE 4.— WHERE LivinG THINGS LIVE. 


1. What would you put into each picture as a background to show what 
the natural environment of each would be ? 

2. What is there about each of the living things in these pictures which 
makes you think that the environment you select for each is correct ? 

3. Which of the factors of the environment of each are necessary ? Which 
are not necessary? How and why do these factors differ in the different 
pictures ? 





Ficure 5.— ADAPTATIONS TO ENVIRONMENT. 


How many different adaptations to environment can you find in this 
picture? List all of them and opposite each give the factors of the en- 
vironment and the use of the adaptation. 
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air; feathers which well protect it; eyes fitted for seeing in 
all directions; feet fitted for perching, walking, wading, or 
swimming (according to the type); and a bill fitted for 
securing the food found in its natural environment (Fig. 5). 

In Brazil most plants have large, broad leaves, thin, 
climbing stems, and shallow roots (Fig. 6). The plants of 





if 


~<a 


FicuRE 6.— Heat, MOISTURE, AND LIFE. 


What is the advantage of the large leaves? What two conditions are 
favorable to the growth of such leaves? Would such leaves ever be a 
disadvantage to the plant ? 


the Arizona desert have thick, sturdy stems covered with 
sharp spines (reduced leaves), and long, stout roots (Fig. 7). 
Cotton plants will not grow far north nor will wheat thrive in 
the southern states. Ostriches cannot live in Canada nor elk 
thrive in the Sahara desert. All this seems to show that ani- 
mals and plants are limited to a certain locality and cannot 
move from that locality without fatal results. The one ex- 
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ception to this ruleseems to be man. He can pass all barriers ; 
live in cold or hot climates; in high or low altitudes, all 
because he knows how to take proper care of himself and 
can largely control his environment. 

5. How Living Things Affect Their Environment. — The 
ancient plagues of Egypt were caused by hordes of insects 














FicureE 7.— HEAT AND LIFE. 


What is lacking here that was present in Figure 6? What causes the 
difference ? Explain. 


which ate up the vegetation and caused famines. Grass- 
hoppers to-day in some parts of the United States completely 
change the environment by destroying millions of dollars 
worth of crops. The annual loss in this country due to in- 
sects is $1,500,000,000 (one billion, five hundred million 
dollars). Mosquitoes in South America and Central America 
have driven out whole populations because of the yellow 
fever which they carry. The army worm destroys masses of 
vegetation in a few days. 
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Man, himself, is prob- 
ably the greatest factor . 
in changing or affecting 
the environment. He 
has utterly destroyed the 
passenger pigeon (Plate 
II). By the destruction 
of forests through cut- 
ting (Fig. 8) and fires, 
birds are driven out, in- 
sects increase, and crop 
destruction follows. 
Floods are more fre- 
quent, soil is carried away, 
and farms suffer. On 
: the other hand some of 

Wide World man’s changes have been 

FicuRE 8.— Forest DESTRUCTION. beneficial. The irriga- 

One way in which man changes his tion of desert lands in 
environment. What are the advantages 5 
and disadvantages of such changes ? the West and the drain- 

ing of swamps in the 
South have made new and valuable regions. Note the 
following news item : 





Cape Girardeau, Mo., Dec. 2, 1924. The 
world’s greatest drainage reclamation project 
is now nearing completion at a cost of 
$50,000,000. Nearly 3,000,000 acres of swamp 
land in southeastern Missouri and north- 
eastern Arkansas will now be tillable. Worth- 
less lands now become worth $40 to $100 an 
acre. Corn, wheat and cotton will be raised 
on this reclaimed land. The mosquitoes have 
been driven out, malaria has disappeared and 
homeseekers are pouring in by the thousands. 


No better example could possibly be given of man’s control 
over his environment. How did man change the environ- 
ment when he built the Panama Canal? How did this 
change affect the whole world? 

| \ 





Puate I1.—TuHe PassenGER PIGEON. 


This beautiful bird once existed in such large numbers that 
its flocks darkened the sky with their passing. It is now 
extinct. Man, wild animals, and perhaps disease brought the 
species to an end. 

A few years ago the Cincinnati Zoo possessed a living 
specimen for which every effort was made to find a mate, but 
without success. The bird’s death stopped further search. 
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Examine the frontispiece for the second. time and write 
out in your Science Discovery Book the following: 








1. At least one way in which each of the living things 
you see in this picture may affect or act upon its environ- 
ment. 

2. At least one way in which the factors of the environ- 
ment may affect or act upon the living things in, this picture. 













6. Man’s Natural and Artificial Environments. — As a sav- 
age, man lived simply, with little or no clothing, little or 
no shelter, scant and poor food, and no comforts whatever. 
This was man’s natural environment. 

But the time came when man began to think. He began 
to make the forces of nature and the factors of his environ- 
ment actually work for him. 

As man learned more facts about his environment, he 
built villages, bought and sold produce and skins of animals, 
learned trades, developed business. Cities followed with 
business buildings, railroads, steamships, bridges, apartment 
houses, churches, and schools, until now the forests are fast 
disappearing. Man now lives in an artificial environment, — 
one made by his own brain and hands. He now lives in an 
age of science. His study of his environment has added many 
comforts to his life. 


1. Make a list of several ways in which man affects his environ- 


ment. 
2. Now make a list of the ways man’s environment affects him. 


3. How do you learn new facts about your environment? 


But with this artificial environment have come advan- 
tages, dangers, and problems. For example: an advantage 
of city life is increased comfort ; a danger of city life is epi- 
demics of disease ; while a problem of city life is the securing 
of a sufficient sneaks: of pure water or the proper disposal 
of sewage and garbage. 
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1. Make a list of five advantages of town and city life. 

2. Make a second list of five dangers of city life. 

38. Make a third list of five problems of city life. 

Copy the above in your Science Discovery Book for future refer- 


ence. 


7. Environment and Work. — Enough has already been 
said to show you that man is continually moving the factors 

















FIGURE 9.— IN THE YOSEMITE VALLEY. 


Both an artificial and a natural environ- 
ment are here shown. Explain. Would 
this forest be found in either of the en- 
vironments illustrated by Figures 6 and 7 ? 
Explain. 


of his environment 
about. This requires 
effort which in turn 
means work and plenty 
of it. It seems that the 
first law of nature is work. 
All the forces of nature 
are hard at work. All 
living things work. Man 
is no exception to this 
rule. 

Men must cut trees 
into logs with tools and 
then cut these logs into 
lumber, if furniture and 
houses are to be made. 
Men press clay into 
bricks and put these 
bricks into the walls of 
schools and churches. 
Stones are cut from the 
quarry and libraries are 
built from these stones. 
Wool is taken from the 
sheep and clothing - is 
woven from this wool. 
Seeds are planted in the 


ground and whole nations are fed with the wheat and corn 
grown from these seeds and harvested by the work of men. 
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FicuRE 10.— ComMPARE THESE Two ENVIRONMENTS. 


What factors are alike ? Whataredifferent? What made the vast difference 
in the two scenes? Explain fully after reading sections 6, 7, and 8. 


8. Man, Then, Is a Working Animal. — Almost every 
week we read in the newspapers of new discoveries and new 
inventions which use the factors of our environment. To 
make such discoveries for the good of the greatest number of 
people is the work of scientists and this work is science. Be- 
cause we live in the age of science we also live in the age of 
work. All helpful activities we call the world’s work. 









Now look again at the frontispiece and answer these 
questions about it in your Science Discovery Book. 






1. Make up a list of ten questions which, you might ask 
about this environment which can be answered by a study 
of the picture. For example: Does the temperature stand 
at a high, medium, or low point? 

2. What factors in this environment are used by man to help 
him in his work? 
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2. How You SEE aBout You 


9. How We Learn. — How do we learn what we know? 
We learn about the factors of our environment by the use 
of our ar_five special senses — - sight, hearing, touch, taste, and_ 
smell — sometimes called ‘‘the windows of the soul.” We 
know that sandpaper is rough; that a rose is red; that a 
lemon is sour; that a clanging bell produces sound; and 
that an orange gives off an odor. «It is true that some of our 
senses, especially those of sight and hearing, are more keen 
than the others, but we learn through the use of all of them 
and the result is knowledge. And knowledge is sim imply_that- 
which has been or can be learned. 

But knowledge alone will not ve us happy, good 
thinkers, or successful. It is what we do with our knowledge 
that counts. To make knowledge worthwhile we must put 
our facts together in such a way as to make them of the 
greatest use to us. To make the best use of our knowledge 
it is necessary to study science. 








Once more, looking at the frontispiece, tell 


1. Which of these factors are natural and which are arti- 
‘ficial. 

2. Which of these factors can be known by the eyes, which 
by the sense of touch, which by the hearing, which by smell- 
ing, and which by tasting. 

3. What devices are shown in this picture which have been 
produced by the thought of men? 














—i 


10. Knowledge and Signs. — All savage tribes believe in 
“signs.” ‘They are always trying to escape from evil spirits 
which they believe exist to injure them. 

All our own remote ancestors believed in evil and good 
signs. They planted their crops during the new moon 
because a “ growing ” moon makes things grow. 


Science Defined Vi 


As people gained knowledge they began to lose these 
foolish beliefs. To-day educated people do not believe 
in ‘“‘signs”’ because signs have absolutely no relation to 
science. 

11. Science Defined.—TIce is cold, and it has existed in 
the world for untold ages, but for centuries no one knew that 
it would preserve food. Had this been known before the 





x 


© The Franklin Foundation. 
FicureE 11.— FRANKLIN’s EXPERIMENT WITH THE KITE, 


What factors of his environment is Franklin using here? What materials 
is he using? How do you know that he is experimenting? Did Franklin 
believe in signs? Was Franklin a scientist? Explain. What discovery 
did he make here? How did he make it? 


year 1492 it is probable that America would not have been 
discovered for many years, for Columbus was seeking a 
western passage to Asia to bring back spices to be used in 
preserving foods. To-day, we keep foods for days in ice 
boxes and in refrigerator cars,—in cold storage plants 
for months. The same can be said about the uses of salt. 
Electricity has been in the clouds for ages, but it was 
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Franklin who first discovered that it was the same as_ 
that found on earth (Fig. 11) and Faraday, an English 
scientist, was the first to show us that it might be used to 
do work for us. 
It is by science that new discoveries and inventions are 
made. (What is meant by a discovery? an invention?) 
ie | Science;- then, is knowledge upon any subject so arranged or 
) classified as to be useful to one who desires to use it. Science 
| is classified knowledge. 


\ 


Now make a final study of the frontispiece and answer 
these questions about it. 


1. Make a list in your Science Discovery Book of ten scien- 


tific statements about the environment you see in this picture. 

2. Explain in five different ways how the factors of the 
environment (including the living things here shown) depend 
upon one another. 





12. Why We Study Science. — This question is often 
asked: Of what good is the study of science? The answer 
is: We should study science because we live in an age of 
science. Everything that we eat, wear, or use to shelter 
us is the result of long years of scientific experiments. 

The writer can well remember when there were no phono- 
graphs, automobiles, airplanes, fireless cookers, radios, sub- 
marines, skyscrapers, gas engines, electric lights, trolley 
cars, or bicycles. He can remember when there were no 
vacuum cleaners, electric irons, electric washing machines, 
electric fans, motor-cycles, concrete pavements, wireless 
telegraphs, typewriters, adding machines, safety matches, 
gas mantles, and many other inventions which he in one short 
lifetime has seen develop into almost necessary factors of 
our environment. 

Scientific knowledge aids us in work about the house. 
It helps us to repair leaking faucets, the electric bell, the 
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smoke pipe of the furnace, the lock on the door, the gears of 
the lawn mower. To keep our bodies clean, our clothes 
clean, our drinking water pure, and our sewage from causing 
disease requires a knowledge of science. We must study 
and know and practice science in order that we may live 
successful lives. Surely this alone is a good and sufficient 
reason for studying science. 

13. How We Study Science. — There are many ways of 
studying science, but some are more commoh and better 
than others. We shall mention four ways here and give 
them to you in the form of stories. Read them carefully and 
be ready to ask and answer questions upon them and to de- 
termine which way is the best, with your reasons. 


Story 1. Two boys, Charles and Edward Stewart, were having a 
lively argument over the question as to what is the highest moun- 
tain in the United States east of the Mississippi River. 

“The highest mountain is Mt. Marcy or Mt. Washington, I don’t 
know which,” declared Charles. 

“You are wrong,” replied Edward with much emphasis, “Mt. 
Mitchell down in North Carolina is the highest one.” 

“That isn’t so,’”’ returned Charles. 

“Tt is so,” replied Edward hotly. 

“Well, how do you know, I’d like to know,” asked Charles, a 
little doubtful about his own claims. 

“Saw it in the atlas, that’s how,” returned Edward with confi- 
dence, “and I’ll show it to you to prove I’m right.” 

They got the atlas, found the list of mountains with their alti- 
tudes and there it was: Mt. Marcy 5379 feet; Mt. Washington 
(Fig. 12) 6286 feet; and Mt. Mitchell 6711 feet. That ended the 
argument. Can you explain why? 


Story 2. Two girl friends, Margaret and Louise, while spending 
the evening together, decided to make some candy. Margaret, in 
doubt as to how to make fudge, looked for her mother’s cookbook 
but she could not find it. 

“Never mind, Margaret,” said Louise, “I can make some without 
the cookbook. I know a good recipe.” 

‘““Where did you get it?”’ asked Margaret. 


one Giibnce and alare 


“J really don’t remember,” replied her companion, “ I made it up 
as I went along and it’s easy now, I’ve done it so many times.” 

Louise began to pour out the sugar while Margaret watched with 
some doubt as to her friend’s ability to make candy without follow- 
ing closely a printed recipe. 

“You're using too little sugar, Louise,’ suggested Margaret. 








FicgurRE 12.— Mr. WASHINGTON, TAKEN FROM INTERVALE, N. H., AT SUNRISE, 
IN FEBRUARY. 


Name the factors of the environment shown here. Snow remains on this 
mountain until July. Can you tell why? 


“Not abit. It will come out allright. I’ve tried it a good many 
times and now I know.” 

This statement closed the discussion. The candy was made and 
was delicious; it proved that Louise knew what she was talking 
about. Can you explain why her candy was good? 


Story 3. Two schoolmates, Robert and Doris, were asked this 
question by the science teacher: How many legs have insects? 
Neither could answer the question and they were advised to bring in 
a report on it the next day. On leaving school that day both began a 
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dispute as to how many legs insects really did have. Robert said 
they had four legs. Doris declared they did not have that number, 
but she would find out. 

“How are you going to find out, I’d like to know?” said Robert. 

“That’s easy,” replied Doris, “catch an insect and count his legs.” 

So they caught a grasshopper and carefully observed him. They 
. found six legs. But this observation did not satisfy Robert. He 
'\ was beginning to think like a scientist. 

“But that doesn’t prove anything about all insects, Doris. All 
grasshoppers may have six legs, but all insects may’ not have the 
same number. How are you going to find that out?” 

“That’s easy again,” said Doris with confidence, “catch more 
insects.” 

They then caught a housefly, a croton “bug,”’ a beetle, a butter- - 
fly, and an ant. Observation showed that every one had six legs. 
So far as their observations went they were pretty safe in saying 
that insects as a class have six legs. 

They went back to the classroom next day with confidence and 
gave the teacher the results of their investigation. Why were 
they so confident? F 


Story 4. John Stevens and Mary Evans, two schoolmates, were 
studying science together. They got into an argument as to which 
weighs the more, copper oriron. John claimed that iron weighs more 
than copper. Mary was sure that copper weighs more than iron. 

“T know iron is heavier,” insisted John. “Just think of the iron 
rails in a railroad track. They have to be heavy.” 

“But we have a copper kettle at home and that is heavy, I can 
tell you,” returned Mary. 

“Pshaw! That’s no proof,” retorted John, “ you probably were 
carrying it full of something. I want proof. Thinking a thing is 
so doesn’t make it so.” 

“ But you thought that iron was heavier. How can you prove 
your iron is heavier, I’d like to know?” 

“ That’s easy,” replied John, “ just weigh them.” 

So when they got to school John got a piece of iron and a piece 
of copper and began to weigh them. 

Mary stopped him with the remark, ‘That is no way, John; 
you must have pieces of equal size in order to prove which one is 
heavier. {know now more about finding out things than you do.” 
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So they cut off two pieces of iron and copper rods of the same 
length and diameter and weighed them on the scales. The 
copper weighed more than the iron. John became very quiet. He 
had nothing to say. The argument was settled. How and why 
was the argument settled? Explain how both John and Mary knew 
that the point was settled. Explain why Mary insisted that the 
pieces of iron and copper be of exactly equal size. 


‘14. How We Discover Scientific Truths. — Charles and 
Edward settled their dispute by reading facts in a book. 
They took it for granted that the authority from whom they 
got their facts was correct. You will depend upon the writer 
of this book for many facts. He depends upon other people 
for some of his facts. 

Louise had learned to make candy by experience. Some- 
times she no doubt failed, but “ practice makes perfect.” 

Again, Robert and Doris got their information by observa- 
tion. But Mary and John got their facts about iron and 
copper by an experiment. This is a way of getting knowl- 
edge that is new to most boys‘and girls of your age. This 
method is the very best because you yourself find out some- 
thing by actually doing something. 

Some one learned by experiment that air has weight; that 
bacteria cause disease ; that plants grow best in sunlight ; and 
that electricity may be used to produce heat, light, and power. 
And all of these things are true for all time. To discover 
these great truths is the most important work of science. 

The following diagram may help you to a clearer idea of the 
relations and relative importance of the factors of your study. Try 
to fix the scheme in your mind as a guide to your future work. 

all increase your 


Facts you are told knowledge, help 
Observations you make you to think 
Experiences you have with conclusions } straight, and 


help you to solve 
new every-day 
problems. 

Why is the last factor —experiments you perform —the most 
important ? 


Experiments you perform 
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SOMETHING FOR YOU TO DO 


Below you will find a list of words which should be of 
great help to you in the study of science. We shall call 
them KEY WORDS because they will serve to unlock 
the storehouse of your mind and let out the ideas held 
prisoners there. 

When you have completed a chapter, begin the study of 
these words, trying to recall to your mind what they mean 
to you. For example, take the word ‘‘signs.”’ Turn this 
word around in your mind and see what happens. Does 
the word mean anything to you? If not, it was never a key 
to you when you first read it. Turn back to the page where 
the word is used and read about it again. Does it bring 
to your mind a clear picture of savage peoples? Do you 
at once think of some peculiar beliefs of people you know ? 
Could you write a sentence or two about the word “ signs ”’ 
as it is used in this book? Could you enlarge these 
sentences into a little story about peculiar beliefs of 
people? Try this and write it out in full in your Science 
Discovery Book. If you will do this with the other words 
in this list, especially those which are starred *, you will 
have a fine basis for a review of the whole chapter. 





} KEY WORDS 
‘Age of Science*— experience* natural environment* 
Arizona desert experiment* observation* 
artificial environment* factors") or passenger pigeon 
authority* Faraday polar bears 
‘Brazil Franklin science* 
camel gills seientists* 
Columbus hollow bones signs* 
discovery* invention* surroundings* 
Egypt knowledge* world’s work* 


environment* mosquitoes 
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A NEW TEST OF YOUR MIND 


If you have written out your Key Word stories in proper 
form, you are now fully prepared to take up the study of 
the Review Outline of this chapter. Study topic 1, 
especially the heading: Your Surroundings or Environ- 
ment. Try to picture in your mind just what this means. 
This is a larger key to unlock a whole flock of ideas from 
your mind. If you find it hard to bring back the thoughts 
you once had about this topic, look at the three sub-topics. 
These should help you to remember the whole story. You 
will find this excellent review work. 

After you have thought about the ideas in this whole 

- topic, write a story about them in your Science Discovery 
Book. After this is done, try topic 2 in the same manner. 
If you can write a story about each topic without constantly 
referring to the text-book for help (pages 1 to 22), you 
have become familiar with the most important thoughts of 
the whole chapter. No one can take these ideas away 
from you because they are yours. You have gained in 
knowledge and the power to use your mind. You are 
beginning to be a real scientist. 





REVIEW OUTLINE 


1. Your Surroundings or Environment. 
Definition of environment. 
Factors of your environment. 
Your environment, the source of your knowledge. 
2. Environment and Life. 
Factors necessary to life. 
Factors valuable in making life better. 
Seeing relations between factors gives us general truths or 
laws. 
3. Environmental Factors Differ in Importance: to plants; to 
animals; to man. 


Summary 25 


4. Relation of the Environment to Living Things. 
Plants 
Animals are all fitted to their environments. 
Man 
Man largely controls his environment. 
5. Relation of Living Things to Their Environment. 
Insects destroy crops. 
Mosquitoes cause the migrations of whole populations. 
Man permanently changes his environment and controls most 
other living things in his immediate environment. 
6. Man’s Natural and Artificial Environment. 
His early natural environment. 
His present artificial environment. 
7. Man, Environment, and Work. 
Forces of Nature work. 
Plants and animals work. 
Man works by moving about the factors of his environment, 
thus becoming a working animal. 
8. Knowledge of Your Environment. 
How gained. 
Value of the five senses. 
Use of knowledge gained by use of the senses. 
9. Knowledge and Signs. 
Knowledge gained by a correct use of the five senses. 
Superstition due to little or no use of the five senses. 
10. Science. 
What it is: classified kiowledge. 
Why we study it: because (1) we live in the age of science; 
(2) it lengthens our lives; (3) it gives us comforts; (4) it 
has given us all our great inventions and discoveries. 
How four boys and four girls studied science: by reading 
about facts (authority); by experience; by observation; 
by experiment. 


SUMMARY 


The world in which we live is our environment, composed of 
many factors (light, heat, water, food, soil, ete.). These factors 
we constantly see and use every day. Some of them are necessary 
to life (air), while others are not (automobiles), but all affect our 
daily work and pleasures. These factors differ in their importance 
to different living things (water to fish, air to man). Living things 
thus seem to be fitted to their environment and cannot well live 
out of it. Man is the only apparent exception to this rule. 
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Living things change their environments, some for a short time, 
others for a longer period. Man is the only animal that has much 
control over its environment. Because of this man has made himself 
an artificial environment (cities) and has become a working animal. 

Man has succeeded in the use of the factors of his environment 
because he has learned to use his five senses in gaining knowledge 
which he has so arranged as to develop it into science. We can all 
learn to be scientists in our everyday affairs by reading, by experi- 
ence, by observation, and by experiment. 


Remember that: 


1. Our environment consists of our surroundings. 
2. The factors of our environment are not equally important 
/ to us. 
3. Environment acts upon living things and living things act 
\ upon their environment. 
J 4. The work of man consists of moving the factors of his environ- 
ment about or changing them. 
5. Science is the arranging of the knowledge of our environment 
in such a manner as to get work done easily, quickly, and well. 
Science gives us a common-sense method of doing work. 


THOUGHT QUESTIONS 


1. Show how a farmer, a business man, a city dweller, and a 

miner control their environments. 
~2. Show how environment may affect the farmer, the sailor, 

and the town dweller. 

3. What kind of men have little control over their environment? 
What kind have great control over their environment ? 

4. Make a list of as many living things as you can think of 
which live in your environment. 

5. Make a list of at least twenty-five solids and ten liquids 
in your environment. 

6. How do elephants, cattle, sheep, vultures, weeds, and birds 
affect their environment. 

7. Make a list of ten ways in which man makes his environment 
work for him. 

8. List five things which each of your five senses has taught you. 

9. How do you know that water is heavy? How do you know 
that looking at the moon over your left shoulder will not bring you 
bad luck? How do your answers to these two questions differ? 
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BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Barrus. John Burroughs — Boy and Man. Doubleday, Page 
and Co. 

Comstock. Handbook of Nature Study. Comstock Publishing Co. 

Patch. A Little Gateway to Science. Atlantic Monthly Press: 

Sears. The Earth and Its Life. World Book Co. 

Schmucker. Study of Nature. J. B. Lippincott Co. 

Williams. The Wonders of Science in Modern Life. Vol. 1. Funk 
and Wagnalls Co. 








Key’ Picture 2. — ExpPERIMENTS OLD AND New. 


In the upper picture Francis Bacon is examining a fowl which he buried 
in the snow to discover if this treatment would preserve it. This was the 
beginning of real experimentation. We are told that Bacon caught cold 
while performing this experiment and died of pneumonia, a martyr to the 
cause of science. 

In the lower picture these pupils are using the same method of finding out 
scientific truth — by experiment, What Bacon could do with crude methods, 
you can do with apparatus provided by your school or made by yourself. 
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CHAPTER II 
HOW SHALL YOU STUDY YOUR ENVIRONMENT? 


And this our life, exempt from public haunt, 
Finds tongues in trees, books in the running brooks, 
Sermons in stones and good in everything. 

— William Shakespeare. 


Science is, I believe, nothing but trained and organized common sense. 
— Thomas Huxley. 


What Do You Really Know about Your Environment? 


Do you ever think much about the things you see around 
you? Do you wonder about the air, the rain, the dew, the 
clouds,and the sun? To understand fully and to enjoy the 
interesting facts about light, about electricity, about birds 
and plants, you must not only see them with your eyes 


but at the same time see them with your mind. 

You see the fog. What makes it rise? Why does it 
disappear? You see the rain. Where did it come from? 
How was it formed? You see a leaf. Why is it green? ~ 
Why isitthin? Whyisit flat? Youseethedew. How 
is itformed? Could you find this out for yourself? How 
much do you really know about your environment? 





1. Mareriats AND MetTHops or StTupy 


15. Materials for Your Study. — A great naturalist, John 
Burroughs (Fig. 13), sent this message to all young people : 


“My Dear Young Friends: 

The most precious things of life are near at hand, without money 
and without price. Each of you has the whole wealth of the uni- 
verse at your very doors. All that I ever had and still have may 
be yours by stretching forth your hand and taking it. 

John Burroughs.” 
29 
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Mr. Burroughs was referring to your environment as the 
source of all your pleasures in life. Sky, air, water, soil, 
light, flowers, birds, animals, and human beings surround 
you everywhere. 

It is surprising how little most people know concerning the 
most common things about them. ‘This is because they have 
never been trained to see these things and to think about 
them. They thus miss some of the greatest joys of life. 


















HOME AND FIELD PROBLEMS 





Did you know that the most interesting things in your 
environment are right near you? They are so near 
you in your home, in your school, and in your neighbor- 
hood that you probably overlook them entirely. But 
if you should form the habit of seeing more things about 
you, your interest in them would increase. To observe 
carefully is the mark of the true scientist. And so you 
will find, near the beginning of each chapter, problems 
to be solved in or near your own home, on your way to 
and from school, and in your neighborhood. Use your 
five senses as best you can in solving these problems and 

_ write a full account of your conclusions in your Science 
Discovery Book. If you do this in a thorough manner, 
you will be surprised at your increased power to see and to 
understand the most common and most interesting things 

about you. 


Home Problem. — (1) Stand in the middle of your kitchen and 
carefully and slowly observe everything in it. Leave the room and 
write out a list of all the things you remember seeing in it. Now 
return to the kitchen and find out the number of things you did not 
see at all and also the number of things you saw but did not remem- 
ber. Compare your three lists. Which has the greatest number 
of items in it? « What conclusions can you draw from your problem? 

(2) Next try the same exercise in your living or dining room. 
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Again compare your three lists. Have you gained in your power of 
observing things? Explain the reason for this, if you can. 

Field Problem. — Observe and then write out a full description of 
a park or street scene near your home, giving all the details in as 
good English as you can. 
Read your essay to your 
class. 

16. Method of Study. 
— In these days things 
worth doing should be 
done according to 
method. You should, 
therefore, study your en- 
vironment in a definite 
way so that what you 
learn will be of increasing 
value to you every day. 
You will learn some of 
the greatest secrets of 
Nature through experi- 
ments. Because of their 
importance we shall take 
some time and space to 
discuss experiments. 

17. What Is an Experi- 
ment? — If you really 
wanted to find out at just 








FiGURE 13.—JoHN Burroucus, the 
what temperature water great naturalist who studied his environ- 
boils or freezes, what ment seven days a week, and had eyes 


? ou that could see its real meaning and beauty. 
would 7 do Why, y This picture was taken by the author on 


would boil water and test the steps of Woodchuck Lodge, Burroughs’ 
it with a thermometer or old home in the Catskill Mountains. 

set a pail of water outdoors 

on a cold winter day and note the reading of the thermometer 
when ice begins to form in the pail. By this simple method 
probably more valuable discoveries have been made in the 
past 100 years than during the whole period of recorded 
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history before 1825. Because experiments have taught us 
so much, we should know just what an experiment is. 

An experiment is an attempt to make Nature answer a 

__ question. _ 

18. Why Are Experiments Valuable ?— Through experi- 
ments Thomas Edison was able to produce the phonograph, 
the electric light, and the electric car. Through experiments 
your enjoyment of the radio is made possible. Experiments 
save us much time and energy when we use their practical 
results and they help us to think correctly. In working 
experiments we use what is called the scientific method. By 
using this method we become sczentists. (Key Picture 2.) 

19. Science and Superstition. — For hundreds of years 
people were superstitious. They believed in evil spirits; 
that good luck would follow the finding of a horse shoe, and 
bad luck would follow the breaking of a mirror. Even 
to-day some office buildings have no floor numbered “13” 
nor any room “13.” 

On the other hand, science teaches us that everything in 
this world happens according to law. Every cause has its 
effect. A boy takes a bite from an apple being eaten by a 
playmate who has tuberculosis (t00-bér-ci-ld’sis). He, too, 
gets tuberculosis. What is the cause? the effect? 


Why were so-called witches not scientists? Are fortune tellers 
scientists? Explain your answer. Make a list of at least a dozen 
superstitions which your parents or other persons can relate to you. 


20. Steps in the Working of an Experiment. — Let us 
now actually ask Nature a question and see if we can get her 
to answer this question. Here it is: Which is heavier, a 
quart of water or a quart of milk? Now we can all guess 
which is heavier and some of us are bound to be right, but we 
shall not know that we are right. We can, of course, take 
some one’s word for it, but that is sometimes uncertain. 
The thing to’do is to prove which is heavier by an experi- 
ment. Soimportant is this experiment that we shall call it a 
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Key Experiment, the first of many that we shall perform in 
order to become thoroughly acquainted with our environment. 





L DEMONSTRATIONS 


An attempt to answer any question for the first time by the 
use of materials in accordance with the six steps outlined below 
is called an experiment. If you perform this experiment the 
second time before the class, you are demonstrating to them a 
process or fact which you have already discovered. You are 
now performing a demonstration or ‘‘showing.”’ Likewise, if the 
teacher performs this first key experiment, for example, before 
your class, it is a demonstration. Why? About one-half of 
| the exercises in this book are experiments to be performed by 
you; the remainder are demonstrations to be performed by ' 
your teacher alone or with your help. uh 


(Key) Experiment or Demonstration 1: — Problem: Which is 
heavier, a quart of milk or a quart of water? This is the statement 
of the problem and we shall 
eall this Step 1. 

Step 2: Here we collect 
the Materials or Apparatus 
(Ap’a-rat’tis) needed to per- 
form our experiment (Fig. 
14a). In this ease the 
materials will consist of a 
platform balance, two one- 
quart milk bottles, a quan- 
tity of water, and enough 
milk to fill one of the bottles 
just even with its top. 

Step 3: It is here that 
the real experiment begins. 
We do the things necessary 
to produce a result. This Ficure 144.— (Key) DEMONSTRATION 1. 














step is called the Method. One WAY OF*LEARNING. 
Inevery case this step must Name the materials to be used here. 
be very carefully done. In Tell how they are to be used. 


this experiment the bottle , ; 
is filled with water to its very top and then weighed. This weight is 
~ noted. Then the water is poured out and the bottle dried. The 
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milk is then poured in to the very top and again the bottle is 
weighed. This weight is also noted. 

Step 4: Here we record very carefully what happened or what we 
saw as aresult of our method. 
This we call Observations. 

Step 5: The Conclusion is 
now to be drawn based upon 
the observations after the 
problem has again been care- 
fully read. What was the 
problem? The record you 
made from the reading of the 
seales will give you the con- 
clusion. What is it? 

Step 6: Whenever possi- 
ble, your conclusion should 
be used to help you learn 
some great fact or law or 
to help you to solve prob- 
lems which might arise 
later. Suppose that your 
milk looks thin and bluish 
and you suspect that it is 
being “‘ watered.’”’ You now 
know how to find out if this 

By what method is this girl learning? jg true. Explain. Weighing 
She is reading a book on Nature.. Which equal amounts of each, you 


is the best way to learn of your environ- F : 

ment, —to Jae a book ao it or to study will find that they weigh al- 

it with your own eyes? Explain. most the same. If you test 
‘ the milk on several days and 

always get the same results, you may conclude that your milk does 

not weigh as much as it should. It has been ‘‘ watered.’ This 

would be the Practical Application of your experiment. 





FicurRE 148. — ANOTHER Way OF 
LEARNING. 


. Intheabove experiment you have used the scientific method. 
This is simply the solving of &% problem by (a) the collec- 
tion of materials, (b) the use of materials in such a way as to 
produce a natural result, and (c) the drawing of a conclusion 
from this result. 

21. The Form of an Experiment. — The six steps of (Key) 
Demonstration 1 give you an idea of the form every experi- 
ment should take when being written down in your Science 
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Discovery Book. This is almost as important as the experi- 
ment itself. Nothing will help you to become a scientist so 
much as working out all your experiments in a definite 
way and recording them 
in a careful and methodi- 
cal manner. Experience 
has proved that the form 
below will give you the 
best results if you will 
follow it. 


/~ (1) Problem: (What is to 
be found out). 

(2) Materials: (What is 
to be used to answer the 
question or solve the prob- 
lem). 

(3) Method: (How the 
materials are used to solve 
the problem). 

(4) Observations: (What 
occurs or what happens as 
a natural result. 

(5) Conclusion: (Thean- 
swer to the question or Fycyre 14c.—Sritt ANOTHER WAY oF~ 
problem). LEARNING. 

(6) Practical App lication: This boy is studying birds through a bird 
(How the conclusion can be glass. What method of study is he follow- 
used to help you solve other ing? Compare with Figure 14b and tell 
problems or to increase your which is the better method, Give your 
knowledge of everyday life). reasons. 





Wherever possible simple sketches should be made to 
accompany your experiment or demonstration and these 
sketches should always be labeled. Drawings without 
labels are worthless. To make a good-looking page in your 
Science Discovery Book it is well to place these drawings 
in a square space 24” to 3” in width at the right side of the 
page opposite the word ‘“ Materials.”’ Practice in the use of 
this form will improve the appearance of your book. 
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2. How True Scientists Use THE MatTEeRIALS AND 
Merruops or Stupy 


22. How Scientists Use the Scientific Method. — How do 
real scientists proceed to ask a question of Nature? What 
does a real scientist do when he makes use of the scientific 
method? 

Suppose you see just how one great problem was solved 
by scientists. Yellow fever once numbered its victims by 
the millions. It has now practically disappeared. How 
did this come about? 

Three doctors, Lazear (la-zér’), Reed, and Carroll, of 
the United States army, suspected that a certain kind of 
mosquito spread this disease by biting people. It was the 
common belief that yellow fever was spread through contact 
with the clothes of persons having the disease. To get at the 
real truth of the matter an experiment was necessary. These 
doctors stated the’ problem to themselves something like 
this: Problem: Is yellow fever carried by insects (mosquitoes) 
or by the clothing of people who have the disease? 

The three physicians next set to work to find the answer 
to this question. What were the materials which they 
used? \ 

Materials: A well person; a screened building; clothing 
and bedding of a person who had died of yellow fever. Now 
what did they do with these materials? How did they use 
them to bring about a natural result? 

Method: They placed the well person in the screened build- 
ing where no mosquitoes could reach him, but they had him 
wear the garments and sleep in the bedding of the person 
who had died of yellow fever. What happened as a natural 
result of this method? 

Observations: Nothing happened. The well person did 
not get sick. These doctors wanted to be sure, however, so 
they tried the same thing with other well persons but with 
the same result. What did they conclude? 
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Conclusion: Yellow fever is not carried by clothing. 
Something else carries the disease. Of what good was this 
conclusion ? 

Practical Application: People did not now need to fear 
to come in contact with people suffering from the disease 
of yellow fever. 

23. A Practical Brablens — But another problem now 
faced these three scientists, which must be answered.or solved 
by means of an experiment. Were their ‘suspicions right? 
Do mosquitoes of a particular kind (Aédes) carry the disease? 
This was the problem to be solved. 

They first hatched some of the Aédes Piasanitars and al- 
lowed them to bite persons who had never had yellow fever. 
No symptoms of the disease appeared. This seemed to prove 
that the Aédes mosquito (if it is a carrier of yellow fever) 
will not give the disease to a well person through biting him, 
if it has had no contact with persons suffering with the dis- 
ease. 

Now read the above paragraph over very carefully 
and point out (1) the problem; (2) the materials; (3) the 
method; (4) the observations; (5) the conclusion; and 
(6) the practical application (if any). 

Finally, some of these Aédes mosquitoes were allowed to 
bite a well person after they had bitten a person having 
yellow fever. The persons thus bitten developed the dis- 
ease. Dr. Lazear was one of these persons and died, —a 
martyr to the cause of science and humanity. This last step 
proved, without any doubt, that yellow fever is carried by 
the Aédes mosquito from one person to another. 

The great truth at once seen was this: If the Aédes mos- 
quito can be destroyed, yellow fever will disappear. A 
method of killing mosquitoes was already known and a 
practical test was at once made. 

The Panama Canal had failed of being built because the 
workers in great numbers died from yellow fever. Men would 
not go there to work. The United States government sent 
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Colonel Gorgas, an army surgeon, down to Panama and he 
began to drain and oil the swamps. Yellow fever began to 
disappear. The Panama Canal was built and the Canal Zone 
was changed from a pesthole to one of the most healthful 
spots on earth (Fig. 15). Had it not been for the work and 
experiments of the three army physicians and their helpers, 





Ewing Galloway. 
FicuURE 15.—A HoTEL IN THE PANAMA CANAL ZONE. 


Name several factors which make this hotel environment ideal. Twenty 


ae ago such a hotel in the same place would have been impossible. 
y? 


the United States could not possibly have brought the con- 
struction of the Canal to so early a close. This work was 
done by the scientific method. What do you think is meant 
by the scientific method ? 

Now read over very carefully the last three paragraphs 
and point out the problem, the materials, the method, the 
observations, the conclusion, and the practical application. 


Write out these statements in your Science Discovery 
Book. 
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Figure 16.— MaAn’s ContTrRot oF His ENVIRONMENT. 


These great buildings are the result of many years of experimentation. To 
know how to put such buildings up, how to build their enormous foundations, 
how to make the steel frames and fit them together, and how to cut the stones 
and raise them into place is the result of experiments. All such experiments 
are conducted by the scientific method. To guess at constructing these 
buildings would make them unsafe and useless. Explain. 
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3. How You May BecomMeE A SCIENTIST 


24. How Should a Young Scientist Work ?— You may now 
well ask yourself this question: How can I, too, be a real 
scientist? By carefully following the method outlined in 
Section 21 and applying it to every thing you desire to find 
out concerning the factors of your environment, you will be 
on the high road to becoming a young scientist. 

You will be using the very same method which Lazear, 
Reed, and Carroll used. By this same method Pasteur 
(pas’ttir’), Koch (k6x), Lister, Marconi, Morse, Bell, Edison, 
De Forest, Burbank, and thousands of other scientists have 
made their discoveries. 

25. Some Experiments for You to Work. — Having learned 
how an experiment is worked, you can now test your ability 
with some real problems of your everyday life. Put these in 
the form of questions which you can ask of Nature and make 
her give you the correct answers. Here are the questions: 

1. What makes the water stay in a glass tube when you hold it 
up with your finger over the top end of the tube? 

Suppose that we give you a little start on this first one. Your 
problem has been stated. What is step 2? What materials do you 
use? What method do you follow? Be sure that you completely 

fill the tube with water before taking it from the jar containing the 
water and also be sure that you do not remove your finger from 
the tube. (You can get the water up into the tube by drawing it 
up with the mouth and then putting the finger over it while the end 
of the tube is in the mouth.) Now remove the finger from the end 
of the tube. What happens? Fill the tube again. Remove the 
finger again. What is the method? What observations do you 
make? As you work, THINK! What conclusion can you draw? 
How could you use such a tube (rubber or glass) in a practical way? 


Now come the rest of the questions. Work them out by 
yourself, following carefully the six steps. 


2. Why does oil rise in a lampwick? 

3. What effect does an acid have upon baking soda? 

4. What effect does light have upon a green plant set in the 
window? 

5. Through what part of a stem does sap rise? 
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KEY WORDS 


Look back through this chapter for the following key words, and 
make sure that you can explain each one. 


apparatus . Lazear* Reed* 

Carroll* materials* scientific method* 
conclusion* ~~ method* scientist* 
demonstration* observation* superstition* 
experiment* practical application* yellow fever* 
Gorgas* problem* 


REVIEW OUTLINE 


. What We Shall Study: Our environment. 

2. How We Shall Study: By reading; by observations; by experi- 
ence; by experiments. 

3. What an Experiment Is: An attempt to make Nature answer a 
question. 

4. Why Experiments Are Valuable: They aid industry; help in 
making new discoveries; increase our comforts; conserve living 
things; help make scientists. 

5. Science and Superstition: Science is based upon experiments 
and teaches us that every effect has its cause. Superstitions are 
beliefs based upon few facts and no experiments. 

6. Steps in the Working of an Experiment: a, Problem; 6b. Collec- 
ting materials; c. Method; d. Observations; e. Conclusion; 
f. Practical Application. 

7. How Scientists Use the Scientific Method: Work of some Ameri- 
can scientists (Lazear, Reed, Carroll). Conclusions based upon 
experiments and not upon guesses and beliefs. 

8. How a Young Scientist Should Work: a. By following the 

scientific method; b. By studying the methods of great scientists. 


_ 


SUMMARY 


You can learn by studying your environment. The best method 
is by experiment because you ask questions of Nature and try to make 
her answer them. What you learn by experiment youseldom forget. 

All the factors of your environment work according to law. Ex- 
periments enable you to discover these laws. When you know the 
laws of nature, there is no room for superstition. Because of this, 
you should learn how to conduct an experiment according to the 


siz definite steps. 
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With the knowledge of how to perform an experiment you will 
be more interested in knowing how great scientists have used these 
same steps in making great discoveries or great inventions. 

Knowing how scientists use these six steps in arriving at a con- 
clusion, you can learn how to follow them and become a scientist 
yourself. 

Remember that: 
/ 1. The study of science is the study of your environment. 
2. The best way to study science is by the use of experiments. 
3. Experiments, if properly worked, will give you the exact truth. 
4. The present advancement in industry, in transportation, in 
sanitary living, and in control of disease is due entirely to experi- 
ments in science. 
5. All scientists gain correct knowledge step by step through the 
use of the scientific method. 


THOUGHT QUESTIONS 


1. In what ways are the environments of all living things alike; 
in what ways are they different? 

2. In what regions of the world is most work done? Where is 
the least amount of work done? Account for this. 

3. Mention ten different kinds of work that men do. What do 
they all really do in this work? Explain. 

4. Name ten facts you have learned from text-books which you 
have never proved for yourself to be correct. Why do you accept 
these facts as true? 

5. Name five things you have learned from experience and tell 
just how you learned these five things. 

6. Give two things you have learned by experiment. Was what 

you learned by this method right or wrong? Explain. 

7. What countries to-day are rich in superstitions? What coun- 
tries are rich in science? Are any of the countries you name rich 
in both science and superstition? Explain. 
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CHAPTER III 
THE WORK OF MAN IN HIS ENVIRONMENT 


The heights by great men reached and kept 
Were not attained by sudden flight, 
But they, while their companions slept, 
Were toiling upward in the night. 
— Longfellow. 


Let us first understand the facts and then we may seek the cause. 
— Aristotle. 


Have You Ever Been in a Workshop ? 


What is a workshop for? Are there any workshops in 
your townor city? Name at least five things that you will 
find in any workshop you may have in mind. What runs 
the workshop? What is produced there? Has your 
father a workshop at home? If so, name several tools 


he uses there. Workshops are usually in barns, in special 
buildings set aside for them, or in garages, are they not? 
Did you ever think that it would be possible to have a 
workshop right out of doors? If a man were building a 
cellar wall for a home, would not that be his workshop ‘as 
long as he worked at that spot? Think of several work- 
shops of this kind you have seen in your town. 





Home Problem. — Make a list of all the things used in your 
home by the members of the family which help lighten their work. 
Determine the work most often done in the home. 

Field Problem.—On the way to school some morning make a list. 
of all the kinds of work you see being done and indicate what devices 


are used to help do this work. 
45 
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1. Wuat Is Man’s WorkKsHOP? 


26. Man in His Workshop. — The environment of man 
is his workshop. He may work out of doors as a farmer or 
woodsman or in his shop as a mechanic (mé-kan’ik). He 
may work in his home building a radio outfit, or he may be 
busy on a moving train, or in a steamship. Each is work- 
ing in his natural workshop and using the factors of his 
environment in this workshop. 

The factors of his environment are the tools and the raw 
materials for building his home, making his clothes, and 
feeding his body. They not only supply these necessities 
but also make possible the luxuries and comforts which 
make life interesting and enjoyable. These factors, air, soil, 
tools, water, heat, electricity, cooking utensils, foods, cloth, 
woods, and the like, all occupy his time and his energy. 
The world is man’s workshop. 

27. Man and Matter.— Almost all the things named in 
the above paragraph can be seen and handled. Man comes 
in contact with them every day. Every object or sub- 
stance which you handle or use in your daily lives is known 
as matter. Matter_is anything that occupies space. A 
hammer, a book, salt, air, water, iron, gasoline, a chair, 
a street car are all examples of matter. A little study of 
matter as you find it will show you that it takes many forms 
and shapes and is composed of many different things. A 
little observation will also show you some important and in- 
teresting facts about its form and composition. 

Carefully study Key Picture 3 and make a list of all the 
different materials (matter) there shown. How many items 
do you find in your list? How do these various materials 
differ from each other? How many are alive? How many 
are not alive? Is work being done in this picture? Explain. 

On your way to and from school note as many different 
examples of matter as you can. Classify them after reading 
section 28. Which ones are being used by man in his work? 
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SUGGESTED EXPERIMENTS 


Throughout this text-book you will often find the 
words “ Suggested Experiment ”’ right in the middle of a 
paragraph. Whenever these words appear you will know 
that here is a question you can put to Nature with a very 
good chance of securing the answer. These. experiments 
can be done either at home or at school. It is hoped that 


you will try to do many of them. In doing them you will 
try to use the scientific method and thus you will become 
day by day a better scientist. But always remember 
this: Think while you work! All good scientists think. 
Again, be sure that you draw a correct conclusion. 
Finally, try your best to see some practical use of your con- 
clusion. This is the real value of science in everyday life. 





Suggested Experiment.— Suppose that you arrange in a row upon 
a table a piece of iron, some sand, a piece of wood, a small stone, a 
small strip of copper, a piece of glass, a piece of charcoal, a piece of 
paper, a teaspoonful of granulated sugar, a small piece of bread, a 
bit of humus soil, and a small piece of cooked meat. Light a Bunsen 
burner and by the aid of pliers and an iron spoon hold each substance 
in the flame for some moments. Note the results in each case. Now 
if this demonstration were placed in the form of a question put 
to Nature, how would it be stated? What would be the method? 
What would be the results? What would be your conclusion? 
Write this experiment out in full in your Science Discovery Book 
in proper form as suggested on page 35. 


28. Two Main Classes of Matter. — Substances which 
_turn black when highly heated are organic matter. They 
are either alive or once formed a part of a living thing = 

ov 
“(organism). (Chemists have discovered that certain organic 
substances may be artificially produced, and so in chemistry 
the term organic does not always imply life activity.) The | 
hand, a leaf, sugar, bread, charcoal are all organic matter. 
_Iron, granite, air, and pure water are inorganic. Why? 
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29. Matter Differs in Its Form. — Again, matter takes on 
different forms or states. In many cases the same bit of _ 
matter may take several differentforms. You can prove this 
for yourself in the following manner : 


Suggested Experiment. — Secure a piece of ice about three inches 
in diameter. With a hammer break this ice into smaller pieces. 
Note that it takes some 
force to do it. This is be- 
cause ice is a solid. Now 
place a small piece of the ice 
in a glass beaker and set the 
beaker over a Bunsen or an 
aleohol flame. What hap- 
pens to it? Note that it 
changes itsform. It isnow 
aliquid. Keep heating this 
liquid until it boils. Steam 
is given off and passes off 
into the air as a gas. The 
ice has finally disappeared 
into the air, but we know 
that it is still in existence in 
another form. 


FicurE 17.—Kinps oF MATTER. If this problem you 


-Name all the environmental factors-here. have just solved was 


Which are alive? Which were once alive ? : 
never alive? Which are organic? inor- placed in the form of a 


ganic? Which are natural ? artificial ? question, what would this 

question be? What 
would be a list of the apparatus used? What would be the 
method? What would be the observations? What would 
be the conclusion? Write this experiment out in proper form 
in your Science Discovery Book, making labeled drawings to | 
show the materials used. After this is done answer the 
following questions : 





1. What are some of the things you have learned about a solid, 
a liquid, and a gas? 

2. What is a solid? a liquid? a gas? Use the dictionary, if 
necessary, to help you. 
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3. Give several original examples of organic matter ; of inorganic 
matter ; of solids; of liquids; of gases. 

4. Why is each of the examples you have named in question 3 
called matter? 


Write out these answers for future reference in your Science 
Discovery Book. 

Matter, then, iseverywhere. Weuse it everyday. Science 
could not exist without matter, since matter is the source 
of most of our knowledge and knowledge properly used is 
science. (Key Picture 3.) 

30. Other Important Facts about Matter. — Certain quali- 
ties are found in all matter. These qualities are known as 
the general properties of matter. For example: A block of 
steel (a solid) occupies space and has weight. Are these 
two properties of steel true of all matter? In answering 
this question you will have your first opportunity to put a 
demonstration in proper form. 

Demonstration 2: Problem: What are two of the general properties 
of matter ? 

Materials: A glass graduate; a beaker of water; a string; a stone 
small enough to pass freely into the graduate; small weights; two 
books; a smooth wooden ball; and a table. 

Method: A. Set the ball on the table. Give it a slight push. 
Note what happens to it. 


For the sake of simplicity and clearness you will often 
find it best to divide the method into A, B, and C parts, 
especially when it is desired to show more than one thing in 
order to prove the problem or answer the question. Like- 


wise, the observations should be lettered (a), (b), and (c) to 
correspond with the parts of the method. This will avoid 
confusion. Try this when you think it wise and see if it does 
not help you. 





B. Tie the string around the stone and lower it into the graduate 
of water. Now try to put two books in the same spot at the same 
time on a table. Note the result here and try to account for it. 


1 A property of matter is anything you can learn about it (color, 
weight, texture, etc.) by use of your five senses , 


——— 
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Observations: Write out carefully what happened in A and B 
above. Why did the ball remain still when placed on the table? 
Why did it roll along the table? Why did it stop rolling? Do 
things (matter) tend to remain as they are? Would a thing (bail) 
when made to roll keep rolling if not stopped by some thing outside 
of itself? This action or inaction of matter is called inertia 
(see p. 55). Why did the water rise in the graduate? Is water 
matter? What is one general property of all matter? Could the 
stone and water or the two books occupy the same space at the 
same time? Why? This is called the impenetrability of matter. 

Conclusion: What are two general properties of matter? 


But some kinds of matter have special qualities or proper- 
ties not possessed by others. 


Suggested Experiment. — Suppose that you secure a rubber ball, 
a piece of a clock spring or a scroll (skrél) saw blade, a piece of wire 
solder (séd’ér), a piece of sheet tin 6 inches square, a piece of glass 
about 4 inches square, an iron rod, and two pairs of pliers. 

Now hold one end of the saw blade or spring in one hand and 
with the other bend the blade or spring out some distance and sud- 
denly let go. Now do the same with the wire solder. Do they act 
alike? Which is elastic? Try to squeeze flat the rubber ball. 
What prevents this? Why does the ball take its round shape when 
pressure is released? Is elasticity! (6'lds-tis’I-t!) a general or a 
special property of matter? Explain. Next hold the tin and the 
glass between your eyes and the light, one after the other. Does 
the light go through each? What name is applied to matter which 
will not let the light through it? Why is glass called transparent ? ? 
When is it called translucent (trins-li’sént) ?* Finally, hold one end of 
the wire solder with the pliers and have another pupil pull on the 
other end of the wire with a second pair of pliers. What happens? 
Try the same with the iron rod. Which of the two pieces of matter 
tested is ductile?* Did you ever pound a copper rivet flat with a 
hammer ? Copper is malleable. Have you ever noticed that a 


} Elasticity is the tendency of a substance to take or regain its 
original form when force has been removed from it. 

? Transparent : a term applied to matter through which one can see. 

* Translucent : a term applied to matter that light will go through, 
but which cannot be seen through. 

* Ductile: a term applied to matter which can be drawn out, as. 
into wire. 


5 Malleable: a term applied to substances which can be beaten 
into a desired shape. 


Forms of Energy | 51 


piece of wood soaked in water is heavier than a dry piece of the 
same size? The wood absorbed the water because it was highly 
porous.! 

Can you easily cut steel? Why? Can you easily break a clay 
pipe stem? Why? Write a story of the answers to the above 
questions in your Science Discovery Book. 


\31y Why Properties of Matter Are Important to Man. — 
It is very plain that if all matter did not occupy space, did 
not have weight, and was not impenetrable (that is, if two 
bodies of matter could occupy the same space at the same 
time), we could see and feel nothing because there would be 
nothing to see or feel. Nothing would exist, not even our- 
selves. If all matter were elastic, our buildings would not 
be stable and if all matter were inelastic life would be hard 
indeed. 

Make up a list of five elastic, five inelastic, five transparent, five 
ductile, five malleable, five hard, and five brittle substances. Tell 


how and why each is useful or useless where you find it. Add 
to this list as your observations are carried on. 


2. Some Arms AND Hanpicaps TO Man’s Work 


32. Man and Energy. — — Matter_is inactive. It cannot 
move itself. It must be moved by some push « or pull which 
we may call a force. Force produces motion. Back of the 
push or pull (force) is energy. What is energy? 

_ Energy is the capacity or ability to move something (as 
when a ‘boy moves a chair) or to overcome resistance (as 
___when a boy tackles a runner in a game of football). Energy 

____is the capacity to do work. And remember that energy alone 
can develop force to move matter. Motion is possible only 
where matter is present. Can you see this? 

33. Forms of Energy. — In picking up a book you use 
muscular force. But your muscles are in turn able to move 
because they possess energy and release it in the form of mo- 


1 Porous: a term applied to substances which will absorb water. 
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tion. Energy stored in the muscles of the arm may be re- 
leased in the form of heat and motion. The hand may 
place a cartridge in a gun (motion) and pull the trigger 
(motion). The impact of the hammer ignites the powder 
in the shell. The carbon is burned by chemical action, and 
the heat produced expands the gases formed, which drive 
the bullet from the gun. Heat, chemical action, electricity, 
and motion are all forms of energy. 

34. Kinds of Energy. — When energy is doing something 
it is active or kinet'ic. When steam moves something, the 
heat energy in it changes to kinetic. Before the Bunsen 
burner is lighted the heat is not present. It is hidden in 
the gas. It is stored or potential energy. Electrical energy 
rings the door bell. It is then kinetic. When the bell is not 
ringing, where is the energy? Explain. (Key Picture 3.) 

When will the stored energy in coal be of use? Why is 
coal bought? When you wind up a clock, you have stored 
energy in the spring. It soon makes the hands go round 
and becomes active. 

Science has a good deal to do with energy. Men are con- 
stantly trying to find out new and easier methods of using 
energy to move matter in order to lighten work. Without energy 
no work would be possible because no matter could be moved. 


VA 1. Make a list of the factors of your environment which can 
move or make things move. 
\/ 2. Make a list of the different forms of energy which act upon 
the factors of your environment. 
3. Name at least ten occupations in which the moving of matter 
/ is very important. 


35. Man and Work. — You have already learned that man 
is a working animal. What is work? 

Work is the moving of matter through space. eens a 
chair) or the checking of the movement of matter through 
space (catching a ball). Work is also the overcoming of 
resistance (one boy pushing another against his will in a 
wrestling match). (Key Picture 3.) 
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But remember that work means more than just doing some- 
thing. A girl may be holding a pound of sugar-in her hand 
or a boy may be pushing on the end of a piano. Scientif- 
ically speaking, neither is doing work, because while effort 
may be used no movement results and so no work is done (see 
definition). Keeping in mind the meaning of work, answer 
the following questions : 


, 


1. Does a boy work when he plays ball? Does a girl work when 
she plays tennis? 

2. Does a boy do work when, he tries to pull a stick out of the 
ground or to lift a stone and fails? Explain. (See Key Picture 3.) 

3. List six different 
things a boy can do which 
mean work. 

4. List six different 
things a girl can do which 
mean work. 

5. List the factors of 
your environment which 
might do work. 

Take great care in the 
preparation of the above 
statements and record them 
in your Science Discovery : 
Book for future use. Baseline 


36. Work Can Be 
Measured.— If you lift 
a pound of sugar up from 
a counter through a dis- =‘ Ficure 18.— How Work Is MEAsuRED. 
tance of one foot, you This boy has raised the three-pound jar 


have used a push or a_ two feet up fromm the base line. He has 
done six foot-pounds of work, Explain. 


pull to pee resist- Had he raised it to the one-foot mark how 
ance (weight). This muchworkwouldhehavedone? Explain. 


push or pull we call a 

force equal to one pound. You have done one foot-pound 
of work. Work, then, is measured by multiplying the force 
by the distance (Fig. 18). In other words, the amount of 
work done (foot-pounds) equals the pounds X the distance 
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(feet). Expressed by a symbol or equation it would be: 
W=F XD. 


1. How much force would be required to lift a 100-pound weight 
ten feet off the ground ? 

2. How many foot-pounds of work would be done in lifting a 
100-pound weight up ten feet from the ground? 


But remember this in connection with work: The amount 
of time used in doing any piece of work has no effect upon 
the amount of force re- 
quired to do the work. 
Hurrying work does not, 
therefore, lessen it. Ex- 
plain. 

37. What Makes Work 
Hard? Suppose you find 
oa this out for yourself. (Key 
Kas’ Picture 3.) 


































































































Suggested Experiment. — 
With the help of one of your 
companions get together a 
table, a wooden box about 18 
inches long, and six to eight 
bricks or two dozen text- 


Vee 4 B int books. Put the box on the 
en A is moved over B, very little F . 
effort is needed as compared to that re- fable and put inte it alll the 


quired to move C over D. Explain the bricks or books. Now lift the 
difference. Will friction act if the blocks box. Is it easy? Explain. 
are at rest? What are two conditions Try pushing the box along the 
that will cause friction? Upon whatwill table. Is it easy? Explain. 
the amount of friction depend? Try moving the box a second 

time, noting carefully when 
the effort to move it is greatest and when least. Do you notice a 
difference in the amount of force needed at any time? Was work 
done here? 


































































































Figure 19.—CAuSES OF FRICTION. 


38. Weight, Friction (frik’shwn), and Inertia (in-dr’shi-d) 
in Their Relation to Work. — Weight is our way of measur- 
ing the force of gravity pulling an object down. We thus 
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measure the force of gravity in tons, pounds, and ounces. 
Gravity made the box of books heavy. All objects in the 
universe attract one another, and this attractive force is 
called gravitation. An example of it is the sun’s attraction 
for the planets. The form of gravitation which we call 
<——gravity-ts-the_earth’s attraction for objects_on-or-near-it. 

The rough under surface of the box rubbed hard against 
the surface of the table, causing resistance to your muscles. 

Friction is the resistance to an effort to cause one body 
or surface to slide or roll over another. 

The rougher the surfaces rubbed together, the greater the 
friction and resistance (Fig. 19). A boy sliding slowly down 
a rope can easily stop by tightly grasping the rope. Friction 
does it. The Indians dragged their loads about on poles 
hitched to their horses. This was hard work. Why? If 
you will place two or three round lead pencils under the box 
of books or bricks, the box will move very easily. Explain. 
To reduce resistance from friction still further, man invented 
the wheel and rolls his loads over the roads. By improving 
roads, using grease, oils, and roller bearings, he has made 
his work even lighter. Explain. 

Friction, however, is useful to us as well as a hindrance. 
Ashes and sawdust placed upon icy sidewalks prevent slip- 
ping. Sand placed on the rails allows a locomotive to climb 
a grade. Explain. Without friction no one could stop 
an automobile even with brakes nor could it be started. 
We could not walk without friction. We lift objects in our 
hands partly by friction. Where does friction work in Key 
Picture 3? 

The third form of resistance to effort is not so easy to 
explain. It was hard to start the box of books moving, but 
once in motion it moved more easily. What is inertia? 

_ Inertia is the tendency of a body at rest to remain at rest 
(a ton of coal) and of a body in motion to remain in motion 


(a ball when thrown). 
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Inertia makes it hard to push a “dead” automobile out of 
the road. Inertia throws standing passengers in a street car 
off balance when the car suddenly starts, stops, or goes around 
a curve (Fig. 20). On the other hand, airplanes and steam- 
ships could not travel were it not for the inertia of the air 
and of the water. Explain. Study inertia in Key Picture 3. 





FIGURE 20.— THREE FoRcES AT WORK. 
What caused the sled to go down the hill? What caused it suddenly to 
stop? Why did the boy goon? Explain fully. 
What threw the mud up from the ground? Why did the mud fly straight 
out from the wheel? Where did most of it finally come to rest ? Why ? 


3. How Man Uses Macuines to Licnuten His Worx 


39. Some Common Aids to Work. — In the course of time, 
man learned to use simple machines to lighten his work, 
The lever (16’vér), the inclined plane, and the wedge (Figs. 22a, 
22b, and 22c) are probably the first three devices used by man, 
and, strange to say, the same machines, with but little im- 
provement, are in use to-day. His club or axehandle was his 
lever, the blade of his axe or rude knife was his wedge, and 
a graded mound of earth was his inclined plane used to help 
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Dumb Waiter 


& 
Meat Grinder 


Meat Press” 





Ficure 21.—Somz Common UTENSILS WHICH ARE MACHINES. 


Show how each is a machine. Point out the effort arm (see section 41), the 
resistance arm, and the fulcrum in each utensil. 
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get stones into place in building a wall. To-day we use the 
same things in our work in and about our homes. 

Knives, forks, spoons, crowbars, shears, plows, hoes, keys, 
door knobs, jack-knives, and a thousand and one other simple 














400 Ibs. 
_ of Weight 


50 Ibs. of Force 
(Effort) 























FIGURE 22A.— THREE FORMS OF THE SAME 
MACHINE, THE LEVER. 


In what ways are they alike ? How do they differ >? 
Where is the force applied in each picture ? Where 
is the resistance? Where is the fulcrum? In the 
second picture what do 2 and 1 indicate? What is 
the 4-foot distance ? Apply all the terms of the tack 
puller picture to this one. If x were raised to posi- 
tion y what change would you make in the position 
of 1? Would more effort be needed to move the 
stone than before? Explain. What do the dotted 
lines show ? 


tools are all sim- 
ple machines. 
40. What Is 
a Machine ?— 
What one defini- 
tion will explain 
all the tools al- 
ready named? 
Ya machine is 
a device used to 
change the direc- 
tion of a force 
(as when you 
pull up a weight 
with a pulley) 
or to change the 
amount, of force 
necessary to do 
some useful work 
(as when you 
move a heavy 
stone with a bar). 
A machine may _ 
also transfer en- 
ergy from one 
place to another 
(as when you 
transfer energy 
from a_ bicycle 
pedal, through 
the chain to the 
rear wheel). | 
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The tackpuller (Fig. 22a) enables one to do easily what 
it would be impossible to do with the hand alone. _ Explain. 
This simple tool is called 
a lever Why is it called 
a machine? It took ages 
for man to develop this 
machine. Now you can 
buy one at the hardware 
store for ten cents. 


__Other simple machines 
are the screw (a bolt or VAN: 
corkscrew), the pulley ED ED 
_ (used to balance a window- 
sash and weight), and the 




















wheel and axle (a bicycle RD E RD 

_wheel or a clothes wringer, Ficure 228.—Tue WEDGE. 

handle, and gears). What causes the cleft in the log to 
A compound machine is become larger as the wedge is driven 


into it? 
one composed of two or 


more simple machines, generally of different kinds. Such a 
machine is a meat grinder, a typewriter, or a lawn mower. 
Find several compound machines in your home. In Fig- 
ure 21 find examples of all the simple machines named in 
sections 39 and 40. Find several simple and one compound 
machine in Key Picture 3. None 
of these machines actually do 
work because they possess energy 
or can exert force. They so dis- 
tribute the forces required to do 
the piece of work at hand that 
the muscles of man are partly 
How much effort would be Yelieved and the machine takes 
required to pull the cart alonga over the burden of the work. 
table? to lift it up off the \fan must still guide and con- 


table ? How does the inclined 
plane help to raise it a given trol these eee or they are 


height from the table ? worthless. 





FicuRE 22c. — THE INCLINED 
PLANE 
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41. The Law of Machines. — In referring to the work of 
a lever, we call the pivot or support the fulcrum. The 
force used to raise an object is called the effort. The distance 
between the effort and the fulcrum is called the effort arm or 
The distance between the object and the fulcrum is called 
the resistance arm. If you multiply the effort by the effort 
distance, it will always exactly equal the resistance multi- 
plied by the resistance distance (HX HD = RX RD). Study | 
carefully Figures 22a and 22b and explain how the law of )- 
machines applies to each part shown in these figures. 


4. How Man Puts THE Forces oF NATURE TO WoRK 


42. The Work of Your Environment. — Since work is the 
moving of something, a waterfall is doing work in moving a 
water wheel. The sun shining upon the water causes it to 
evaporate in spite of the force of gravity. The sun does 
work. How? 

Possibly the greatest thing that man has done is to dis- 
cover that the forces of Nature are at work and that he can 
use them to help him do his work. For example, a man could 
never carry a locomotive from the United States to England 
unaided, but the steam engine which he invented can use 
steam to turn the propeller of the steamship which carries the 
locomotive across the ocean. It is hard to pull water from 
a well with a rope, but an electric pump will do it easily. 

43. Can a Falling Body Do Work? — Objects, since they 
have weight, often fall. Bricks sometimes fall and injure 
people. A rock falls from an embankment and wrecks a 
passing train. Read this newspaper account: 

A train carrying 186 German-Americans 
bound on a trip to Germany was wrecked 
this morning by sand and. gravel being 
washed on to the track by the cloudburst 
which occurred at 3:30 a.m. 


— New York Times, 
June 16, 1925 
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Show how the hammer in Figure 23 can do work. What force 
and what form and kind of energy are working here? Test this 
out yourself. ; 





FicuRE 23.— THE HAMMER, A LENGTHENED ARM. 
What kind of machine is it, as here shown? Explain. 


44. Can Moving Water Do Work? — The hammer is a 
solid body. Is it possible that a liquid also can do work? 

Study Figure 24, A, and tell how this experiment would show that 
water can do work. Test this out for yourself. 

The great dam at Conemaugh, Pennsylvania, held back 
millions of gallons of water possessing stored energy. When 
the dam burst, this stored energy became active or kinetic 
and hundreds of people were drowned and millions of dollars 
worth of property was destroyed in a few minutes. This 
is remembered as the great Johnstown flood. 

45. Can a Tornado Do Work? — You know that you 
cannot see air even when it is moving. Yet you can see the 
fearful results of its work when it moves with terrific speed. 
Read the following newspaper item : 

TORNADO KILLS THOUSANDS IN 


THE WEST 


March 18. A tornado tore through South- 
ern Illinois to-day after lashing Western 
tS Missouri, and died out in Indiana after col- 
lecting a toll of 3631 dead or injured on 
the basis of estimates collected to-night from 
the storm-swept regions. Millions of dollars 
worth of property was totally destroyed. 
— New York Times. 
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A. What causes the water B. What causes the fan h 3 pute is the use of aS 
to fall? the wheeltoturn? to work? the windmill to oe © wire on the 


ihe weight th ride turn? the weight to rise? handle? the tubing ? What 
does the arrow mean ? 


FicurE 24.— THREE WoRKING FACTORS OF OuR ENVIRONMENT. 
List all the factors used in these experiments. Name all the machines 


shown in the three pictures. Show how friction, gravity, and inertia aid o* 
hinder the action of each bit of apparatus here shown. 
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Study Figure 24, B, and explain how this experiment proves that 
moving air can actually do work. Make this apparatus and test it 
out for yourself. 


46. Can Heat Make Things Move? — No one ever saw 
heat but we know that it exists. Itis not asolid. It is not 
a liquid. It is not even a gas. It is not matter. It isa 
form of energy. . 


Demonstration 3: Problem: Can heat do work? 

Materials: Secure and assemble the apparatus shown in Figure 
24, C. Study this picture carefully. 

Method: Allow some gas to enter the pot through the tube, leav- 
ing the cover open. Does the gas have an odor? Touch a lighted 
match to the top of the pot. Note result. Caution! Allow but a 
small amount of gas to enter the pot at one time and hold the head away 
from the pot when lighting the gas. 

Now close the pot and allow some more gas to enter. Open 
eover for a moment and wave your hand across top of pot two or 
three times. Close the cover and touch lighted match to the small 
hole in the side or insert a red hot needle or wire through this hole. 
Note result. 

Observations: What do you hear? What happened to the can or 
pot top? Was work done? What did the work? What form and 
kinds of energy were here shown? Carefully record all these points. 

Conclusion: Write out your conclusion with reasons. 

Practical Applications: What simple machine was shown in this 
experiment? How can heat be made to do work in your home? 
Why should your mother never attempt to light the oven burner 
of your gas stove without having the oven door wide open? Show 
how heat does work in Key Picture 3. 


47. General Scientific Conclusions. — What correct con- 
clusion can you now draw from your studies so far in 
Environmental Science? You have been observing, record- 
ing, and drawing conclusions just as Edison or any other 
great scientist does. Can you gather up all your ideas and 
draw one conclusion which you may state as general law 
and which will always be true? Can you make the knowl- 
edge gained so far of very great value to you throughout the 


rest of your studies? 
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You have now learned that : 


a ball. can do 
2. A horse can draw a load. ) work. Living things 
3. A plant can grow up | Plants can do work. | 
through the soil, pushing i can do 
it aside as it grows. work. 
4. A hammer will move 


1. A boy or girl can throw Jean do 


another weight. Non-living Everything) t 
5. Simple tools can be used | Solids, things soe which gy 
by man to lighten his liquids, do wor : move or 
work. aad when acte cause An 
6. Moving water turns a gases do upon Ne mere 4 
water wheel. work. some torm pa 5 
7. Moving air turns a of energy. work. 
windmill, 
8. Electrical energy rings | acres ag tibare 
a bell. do wor 
do P 
9. Heat moves the top of ee when acting 
a coffee pot. : upon matter. 


Here we have summed up the whole of our discussion on 
energy and work. The extreme right-hand statement is our 
general.law. We shall use this law all through this book. 

48. The Work of the World. — Work, then, is the doing 
of something which results in motion. Our modern indus- 
trial age began when the energy stored up in coal could 
be set free by burning it in the coal box of a steam engine © 
(as in a locomotive). This released energy did the work 
of thousands of men. It is the very foundation of modern 
agriculture, manufacture, construction, and transportation. 
Think of the work done daily by the plows, the mowing and 
threshing machines on the 6,000,000 farms of the United 
States! Think of all the work done each day in the shoe, 
hat, clothing, tool, furniture factories, and machine shops of 
this country! Think of all the household duties performed 
by all the housewives in the United States in one day! Can 
you see how all the work we have talked about in this 
chapter was really done by the energy of the sun? 
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KEY WORDS 


Nore. — Do not fail to look back through this chapter for the fol- - 
lowing key words and make sure that you can explain each one of 
them, especially those which are starred. Record the meanings of 
the starred words in your Science Discovery Book. 


compound machine* inertia* pulley* 

effort* inorganic* . resistance* 
effort distance* kinetic* resistance distance* 
elasticity law of machines* screw* 
foot-pound* lever* solid 

force* liquid translucent 
friction machines transparent 
fulerum* malleable wedge* 

gas : matter* weight arm* 
gravity organic* wheel and axle* 
heat* properties “ -work* 

inclined plane* porous workshop 


REVIEW OUTLINE 


1. Man’s environment is: his workshop; raw materials; tools. 

2. Man’s environment is largely composed of matter. Definition 
of matter. Kinds of matter (2); forms or states of matter (3). 
General and special properties of matter. Values to man. 

3. Energy acts upon and through matter. Definition of energy; 
of force. Forms of energy (4); kinds of energy ee: Uses of 
energy to man. 

4. Work is the result of a force acting upon atte. Definition 
of work.. How work is measured (w= f Xd). Obstacles to 
work (weight, friction, inertia); definition of each. Uses of 
weight, friction, and inertia in everyday life. 

5. Some common aids to work: simple machines (6). Definition 
of a machine, -The_law_of. machines: X ED = R_X_RD, 
Explanation of terms used in describing the work of a lever. 
Compound machines. Definition. Uses in the home. 

6. The work of: moving water (waterwheel, a form of lever); 
moving air (windmill, a form of lever); moving weights (pile 
driver, a compound machine); heat (gas engine, a compound 
machine). 

7. General law developed from the study of matter, energy and 
work: Everything that can move or cause motion can do work. 
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SUMMARY 


Read this story very carefully. A man cuts down trees with an 
aze and saws these trees into lumber at the saw mill. He is acting 
upon matter. Some of it is organic (the trees) and some is inorganic 
(the axe head and the saw). He uses gas (the air he breathes) ; 
he uses liquid (the water he drinks), and he uses solids (the axe, lum- 
ber, ete.). 

In chopping down the trees, stored energy in the muscles of the 
man is released and work is done upon the trees. The logs are sent 
to the saw mill. Weight interferes with the lifting of the logs upon 
the truck or cars; inertia interferes with the starting of the ear, and 
friction checks the running of the car. But without weight the logs 
would not stay on the car; without friction the car wheels would 
slip, and without inertia it would be hard to keep the cars in motion. 

The axe is a machine (inclined plane); the logs are rolled with a 
bar (lever); they are y hauled into the mill with a pulley; the lumber 
may be held together with screws-and it may be hauled up into the 
building with a wheel and azle. Moreover, a waterfall may run the 
waterwheel which turns the saws, or_heat in an engine may turn 
these saws. Hammers are weights which are used to do work. 

Man can move or cause other things to move the factors of his en- 
vironment in the work of building a house. He uses ee ee moves, 


pamenber that : 


1. The environment of man is his workshop. 
_ 2. The chief work of men is the moving of matter from one place 
to another by the use of some form of energy. 

3. The forces of gravity, friction, and inertia are the principal 


forms_of resistance to any effort, although they are also aids to men 
in doing work. 


4, The invention of simple machines by man has been the greatest. 
factor in making his work easier. 

5. The harnessing of the factors of his environment has been the | 
chief means of developing the present age of industry and machinery, | 


THOUGHT QUESTIONS 
1. Give two reasons why it is desirable to reduce the friction in 
the use of any type of machine. 


2. Account for the fact that railway cars sometimes get a ‘‘ hot 
box.” How is this checked ? 


3. Why does bending a wire back and forth several times cause 
it to get hot? 
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4. Boys sometimes play “‘ snap the whip ”’ by getting in a long 
line, clasping hands, and running until the leader pivots and swings 
the line about him. What sometimes happens to the boys at the 
end of the line? Explain this. 

5. How is the slipping of the wheels of a locomotive prevented ? 

6. What is the purpose of a brake? Explain just how one 
works. 

7. Make a list of at least ten peculiar things that would happen 
if there were no force of gravity in the world; if there were no such 
property of matter as inertia; if there were no friction. 

8. How is the force of gravity used to advantage in a meat 
market and in a grocery store? 

9. Why is it easy to balance a moving bicycle? 

10. Explain how pounding the end of the handle against a hard 
substance will drive a loose axe or hammer head on tight. 

11. Explain why a sudden blow on the trunk of an apple tree 
will cause the ripe apples to fall. 

12. A tallow candle has been shot through a board. Explain 
how this was possible. 

13. Give two general and three special properties of the following : 
cork, glass, rubber, air, coal, asbestos, granite, aluminum, gold, 
quicksilver, iron, lead, sponge, copper, bricks, diamond, platinum 
wire. 

HOME EXPERIMENTS 


1. Place an upturned glass tumbler on the table. Place a 
smooth ecard on the tumbler. Place a coin on the center of the card. 
With the thumb and first finger, snap the card horizontally off the 
glass and note what happens to the coin. Explain this experiment to 
the class. 

2. Test the following substances for their malleability : glass, 
copper, iron, a pin, brass, a small piece of stone, a wire nail, and a 
fine piece of lead. Report on your findings. What are the practical 
applications of your findings? 

3. By the use of a Meccano or Erecto set, construct all the 
simple machines and put them to use in doing light pieces of work. 
Report on your work. 
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Collins. Inventing for Boys. Nelson. 
Collins. Book of Magic. D. Appleton and Co. 
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Gilbert. Manual for Toy Sets. A.C. Gilbert Co. 

Holl. Home Handicraft for Boys. Doran. 

Keene. Mechanics of the Household. McGraw. 

Lynde. Physics of the Household. The Macmillan Co. 

Morgan. Boy’s Home-Book of Science and Construction. Lothrop, 
Lee and Shepard Co. 

Snow and Froeloch. A Hundred Things a Girl Can Make. J. B. 
Lippincott Co. 

Williams. Something to Make. Nelson. 

Williams. The Wonders of Science in Modern Life. Vol. 1. Funk 
and Wagnalls Co. 

Wood. Something to Make. Funk and Wagnalls Co. 

How to Make and How to Mend. By an Amateur. The 
Maemillan Co. 


PART II 


THE WORK OF THE FACTORS OF OUR 
ENVIRONMENT 


When you call a thing mysterious, all that it means is that 
you don’t understand it.— Lord Kelvin. 

You have learned that your environment is most impor- 
tant to you because it gives you the things necessary to 
keep you alive. It is the source of your knowledge. It 
helps you to become a scientist. The work of science is 
to find new ways of using our environment for our own 
good. Since the greatest work of man is to move things 
about, science has found new ways of making this work 
easier forus. Science has invented simple and compound 
machines. Now, even air, water, heat, and falling bodies 
are made to give their aid in doing the work formerly done 
by the hand of man. 

In the next few chapters your work will be to discover 
how air, water, electricity, and light all have power to do 
work for man. You will also discover some of the many 
ways in which the minds of men have been able to use 
these factors to make our lives richer and more comfort- 


able. 
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Key Picture 4.— ATMOSPHERIC PRESSURE AND COMPRESSED AIR. 


The atmosphere becomes lighter in weight as one ascends a mountain. 
Why? Study the four columns on the right until you understand them 
thoroughly. Why will the balloon rise higher than the airplane? What 
happens to the molecules of air in a pump when the piston is pushed 


down? Explain how an automobile rides on air. Why doesa tire ‘‘ blow 
out’’ with a loud report ? 
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CHAPTER IV 


PUTTING AIR TO WORK - 


All Nature speaks in music — every tone 
She utters, from the crashing thunder’ s roar, 
Or Ocean’s Sush upon the rocky shore, 
Down to the insect’s hum, or light wind’s moan, 
Is full of harmony. 
— Dryden. 


What Do You Know about Air? 


Do you suppose that air is a real substance? Do you 
believe that it weighs anything? Do you believe that it 
shows any pressure on the surface of a lake or upon the 
roof of your home? What would you think if you were 
told that air could do work? When you hear an automo- 


bile horn, have you any reason to suppose that air has 
anything to do with it? Have you ever noticed that when 
you are half a mile or more away from a locomotive you 
see the steam coming from its whistle long before you 
hear the sound? MDoes the air about you help you to 
hear sounds? 





Some Practical Questions: 


1. Why will a rubber ball full of air return to its original shape 
after its side is pressed in? 

2. Why will bubbles arise from a bottle when it is suddenly placed 
under water? 

3. Why will the palms of our hands tend to stick together if 
they are firmly pressed against each other? Try this and ex- 
plain it. 

; va! 
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4. You require about 600 cubic feet of air an hour. Does your 
classroom provide this ‘amount? Assuming that the air is com- 
pletely changed three times a period, multiply the cubic contents of 
the room by 3. Divide this product by the number of pupils. 

5. If air canrot be seen, how can it hold up the weight of an 
automobile? 

Home Problem. — As your mother washes the glass tumblers 
in hot water take one and set it bottom up on a piece of oilcloth. 
After half an hour examine the oilcloth through the glass and de- 
scribe what has happened to it. Then lift the glass. Explain 
what happened and why it happened as you observed it. 

Field Problem. — Blow into a paper bag until it is filled with 
air and then tightly close it. Have a companion take the bag about 
300 feet away and burst it by striking it hard with his hand. Did 
you see and hear the bag burst at the same instant? Can you ex- 
plain just what happened ? 


PRACTICAL QUESTIONS 


From now on near the beginning of each chapter you 
will find a number of Practical Questions which have a 
direct bearing upon the chapter which contains them. 
By answering these questions you do two things for your- 
self. (1) You become familiar with some of the ideas to 


be discussed in the chapter. (2) You become interested 
in the useful facts of science because of their close rela- 
tion to your everyday life. Make these questions a real 
test of your ability to think and to get answers to problems 
you have never met before. Here will be a good chance 
to surprise your teacher, your classmates, and yourself 
by your power to find out new things. 





1. Arr Is a Form or Martrer 


49. Air Is Real.— What would happen if the air ocean 
in which you live suddenly vanished? All fires would go 
out, extremes of temperature would prevail, and there 
would be no winds and no sounds. Death would come 
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almost immediately to practically all living things. The 
earth would be a barren, lifeless, silent desert. 

50. What Is Air ? — This looks like a very simple question 
and one easily answered. If you asked someone who knows 
about it, that would be a quick method of getting an answer, 
but you would be accepting the authority of another. Besides, 
he might not be right. To answer the question in a scientific 
manner requires time and experiment and close observation. 
As a scientist, you can well afford to use the methods of a 
scientist in finding out some real facts about air. Do you, for 
example, think that an “empty ”’ glass is really empty? 


: Suggested Experiment. — Secure a glass tumbler, a basin or 

shallow dish two-thirds full of water, and a flat cork. Float the cork 
on the water, invert the tumbler over the cork and press it down 
into the dish of water until its edges touch the bottom. Does the 
water fill the tumbler? How far up in the glass is the cork?” Can 
you tell what keeps the water out? Is this visible? Carefully 
record all your observations in your Science Discovery Book. Does 
air occupy or does it not occupy spacé? 


Would your conclusion to this experiment lead to another 
question? If air occupies space, does it weigh anything? 


Suggested Experiment. — Secure a football bladder, a bicycle 
pump, a metal air clamp or a piece of fine, strong cord, and a 
beam balance. Inflate the bladder with the pump, compressing 
the air, and close it with the metal clamp or the cord. Then hang 
the bladder on one arm of the balance (which should be suspended 
from a support so that it will swing free) and exactly balance the 
two arms of the scales so that the beam is in a horizontal position. 
Do this by placing small stones or sand in the pan opposite the one 
to which the bladder is attached. Now loosen the clamp or string, 
allowing the air to escape from the bladder. What happens to the 
arms of the balance? Can you account for this result? What is 
your conclusion? Does air have weight? What, then, may you call 
air? Give your reasons. 


51. The Air Ocean. — Air occupies all space near the 
earth not filled by solids, liquids, and other gases. It even fills 
all the spaces between the particles in bread, wood, cast iron, 
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It fills every room in your house. As a mat- 
ter of fact, you walk 
about at the bottom 
of an ocean of air. 
The Atlantic Ocean 
is only a few miles 
deep, but the ocean 
of air above and about 
you, called the atmos- 
phere, is from 100 to 
500 miles deep. (Key 
Picture 4.) 

Currents are found 
in the ocean which 
show that the water 
moves about. In the 
same way the air 
ocean has currents of 
air. Air has enormous 
force when in motion 
and may do tremen- 


water, etc. 





Taylor. Instrument Company. 
FicuRE 25.—A TwISTER. 


Note the funnel shape of this tornado, 
Note the black spot at its base indicating fly- 
ing objects. It revolves at a terrific rate of 
speed. It also moves across country at a 
rapid rate. 


dous work. A read- 
ing of the following 
newspaper _ clipping 
will show this: 


MARCH TORNADO THE WORST YET 


Some of the peculiar actions which showed 
its terrific power are illustrated in the fact 
that: 

A rural schoolhouse was carried away, 
leaving the floor and the seats to which the 
children clung. 

A chicken was plucked of every one of its 
feathers, but remained alive. ‘ 

A horse was blown 900 feet. 

A pair of trousers with $95 in one of its 
pockets was blown 39 miles. 

A board was driven straight through a tree. 

— New York Times, June 11, 1925. 
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52. Air Has Weight. — Air has this property in common 
with rocks, water, ships, houses, engines, clothing, and other 
things familiar to you. But in comparison with them, air 
is very light indeed. A cubic foot of air weighs from 1-14 
ounces. A room of average size will contain from 100 to 
200 pounds of air. It presses down upon substances because 
it weighs something and it weighs something because gravity 
pulls it toward the earth just like any other matter. 


KEY DEMONSTRATIONS 


Certain demonstrations in this book are marked “Key” 
because they are especially important. They unlock many 
ideas. All such demonstrations will have pictures and 
you will know them at once by the small key placed in 
the upper left-hand corner of the picture. When you see 


this sign it always means that you have a lock to open 
and a key to open it with. You must know these keys 
thoroughly because the whole discussion of the chapter 
depends upon them. If you fully understand these keys, 
the rest will be easy. Therefore, take special care in ob- 
serving the key demonstrations and in writing them out 
in full in your Science Discovery Book. 








You will find that some of the demonstrations are com- 
posed of several parts, but that all parts illustrate the same 
general principle. In such demonstrations it is not necessary 
to show more than one part, but in case more than one part 
should be shown, be careful to keep each one distinct in your 
mind. You may well label them A, B, C, etce., as below, or 
Step 1, Step 2, Step 3, ete. Try this method and see if it does 
not help you. 





(Key) Demonstration 4: Problem: Does the air exert pressure 
upon the surface of objects (matter) ? 

A. Materials: A two-quart empty varnish can ; a tight-fitting rub- 
ber stopper ; iron tripod ; Bunsen burner ; and a pint of water (Fig. 26). 


76 Puiting Air to Work 


Method: After pouring the water into the can, arrange the mate- 
rials as shown in the diagram. When the water boils freely and 
much steam comes from the can, insert the stopper tightly and 
immediately remove the flame. Watch what happens. 





FicuRE 26.— (Key) DEMONSTRATION 4. 


A, mercury; B, palm glass; C, varnish can; D, tripod; E, Bunsen 
burner; F, shallow dish; G, glass tubing; H, rubber tubing; I, glass tum- 
blers; J, cardboard; K, exhaust pump; L, Magdeburg hemispheres. 


B. Materials: Glass tumbler of water and piece of smooth card- 
board 6 inches square (Fig. 26). 


M ethod: Place the eardboard firmly on top of the tumbler and, 
holding it tightly in place with one hand, slowly invert the tumbler 
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with the other hand. Now slowly remove the hand from the card- 
board. Whathappens? Turn the tumbler toa horizontal position. 
What occurs? 

C. Materials: A small bore’glass tube about 30 inches long; 
a one-foot piece of rubber tubing to fit the glass tube; and mercury 
in a shallow dish (Fig. 26). 

Method: Stand ona high stool, fit the rubber tubing to one end of 
the glass tube, place the end of the glass tube in the mercury, place 
the free end of the rubber tubing in your mouth, and draw in with 
your breath as hard as youcan. Watch the mereury. Also watch © 
the rubber tubing. Account for what you see. Why does not the 
mercury go to the top of the glass tube? 

D. Materials: Palm glass; Magdeburg hemispheres; and ex- 
haust pump (Fig. 26). 

Method: Place the palm glass on the exhaust pump plate. Cover 
the glass with the palm of the hand. Exhaust the air from the 
glass. What happens? Now attach the hemispheres properly 
assembled to the exhaust pipe in the pump plate. Exhaust the 
air. Have two pupils try to pull the hemispheres apart. Note 
the result. 

Observations: Record clearly just what you saw happen in A, 
B, C, and D above. 

Conclusion: What is your conclusion? Give full reasons for 
your answer. 

Practical Applications: Make a list of some ways in which air 
is used in a practical way by man or is made to do work because 
it has weight, occupies space, and presses upon surfaces. Write 
out this demonstration in full in your Science Discovery Book. 


£3. Atmospheric Pressure. — Pressure is the action or 
thrust of some force or substance against some definite area, 
which may be a square inch, square foot, or other convenient 
surface. Whena book or brick is laid upon the hand, pressure 
is felt, due to the weight. Air, also, exerts pressure upon 
every surface it touches. Why? 

The surprising bit of work on the varnish can was done by 
a form of matter which you cannot see, and cannot feel un- 
less it is in motion. 

54, Atmospheric Pressure Differs. — If you take ten apple 
pies and pile them one above the other, the bottom pie will 
at once be crushed to pieces, the fifth one from the top will 
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be pressed out of shape, while the next one to the top will 
show no signs of pressure. Explain this. So in the atmos- 
phere, the lower layers receive the most pressure, and each 
layer, saf each 
1000 feet of air, 
as one goes up a 
mountain, re- 
celves less pres- 
sure, until at 3 
miles up it is but 
half what it is at 
sea level. For this 
reason, airplanes 
and balloons can- 
not go beyond a 
certain height. 
Explain this. 
(Key Picture 4.) 
Again, it is 
known that warm 
FicurE 27.—AtrR ConpITIONS INDOORS AND OuT. air, volume for 








If the small circles represent air particles, why volume, is lighter 
are they closer together outside than inside the ch Ahee 
house? Why farther apart in the chimney than in at ad a ae 
the room? Why do they rise through the register That is, a cubic 
at b? Why do they go out the window at y? foot of warm air 
Why do they enter the window at x? Why are they vhiaat th 
closer together near the walls than in the center of Weg ey a an 
the room? Explain fully. a cubic foot of 

cold air. Warm 
air, therefore, exerts less pressure than an equal volume of 
cold air. The reasons for this will be fully explained later. 


(Fig. 27.) 


55. Measuring Atmospheric Pressure. — In 1640 the Duke 
of Tuscany dug a deep well and fitted it with a pump, but he could 
not make the water come up the pump barrel (Fig. 32) more than 
34 feet, though he knew that he had a vacuum in the barrel of his 
pump and that Nature always tries to fill a vacuum. Why would 


Galileo Galilei (1564-1642) 


The supreme purpose of this man’s 
life was to discover the truth about Na- 
ture and her laws. As a young man in 
Pisa (pe’sa), Italy, he was called the 
‘‘Wrangler,’’ because he demanded that 
truth be established by experiment. He 
was the father of the laboratory method 
of work. He proved by the use of a tele- 
scope, which he made himself, that the 
planets move about the sun and that the 
sun revolves upon its axis. 

Galileo studied light, air pressure, heat, 
and motion. Inthis picture he is shown 
studying the laws of falling bodies. He 
made the first thermometer and dis- 
covered the laws of the pendulum. 

A musician, a scholar, a teacher, a 
mathematician, an astronomer, a me- 
chanic, and an inventor — we now recog- 
nize him as one of the world’s great 
teachers. 
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the water not rise in his pump more than 34 feet? The Duke took 
his problem to Galileo (gi’lé-l4/6), the great Italian scientist, who 
told him that Nature did not “abhor that part of a vacuum ”’ 
which extended above 34 feet. Galileo was too old at that time to 
experiment himself but he was still a real scientist. He at once 
turned the problem over to his brilliant pupil, Torricelli (tor’ré- 
* chél/lé), for solution. 


You are now going to do the same experiment that Torri- 
celli did, in order to find out whether atmospheric. pressure 
can be measured. It is well to note first, however, that 
Torricelli knew that water could be made to go up 34 feet in 
a pipe from which the air had been drawn. He got some 
mercury and found that it weighed 13.6 times as much as 
an equal volume of water. It was possible then that a 
column of mercury would rise or remain in a vacuum tube 
1/13.6 as high as a volume of water of equal weight, or 
about 30 inches. He tried this with astonishing results. 


(Key) Demonstration 5!: Problem: Can atmospheric pressure 
be measured ? 

Materials: A thick-walled glass tube with ,3,” bore, about 3 feet 
long and closed at one end; a shallow porcelain dish 3 inches in 
diameter; enough mercury to fill the tube and, also, to nearly fill 
the dish; and an iron ring stand with iron clamp. 

. Method: Carefully fill the tube with mercury, using a paper funnel 
for the purpose. Placing the thumb or first finger tightly over 
the open end of the tube, invert it in the dish of mercury and then 
slowly remove the thumb or finger. Fasten the tube in an upright 
position by the use of a clamp and ring stand so that. the bottom of 
the tube does not touch the bottom of the porcelain dish (Fig. 28). 

Observations: Observe carefully anything that happens and answer 
the following questions: What happened to the mercury? Note the 
space in the tube above the mercury. What caused the formation 
of this space? Is there any air in this space? This space is called 
Torricelli’s vacuum. Why? Now measure the column of mereury 
from the surface of the mercury in the dish to its top. Record this 
height. If you happen to be near sea level, it ought to be about 30 
inches high. This was exactly the result that Torricelli obtained. 


1 You will find that the difficulty of handling the apparatus in 
this demonstration makes it necessary for the teacher to perform 
it or at least to help you perform it. 
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Conclusion: What kept the liquid from running out of the tube? 
Can atmospheric pressure be measured? How? 

Practical Application: Observe a barometer for several days 
and notice if the column of mercury differs in height on successive 
days. Can you now account for these changes? 


56. Torricelli’s Conclusions.— This great scientist at 
once saw from his experiment that the weight of the atmos- 
phere was sufficient to 
support a 30-inch column 
of mercury ora34- -foot col- 
umn of water inavacuum 
tube of any diameter. 
He concluded that the 
weight of the atmosphere 
pressing down upon the 
mercury in the dish just 
balanced the weight of 
the mercury in the tube. 
In fact, the air was the 
effort and the mercury in 
the tube was the resist- 
ance in a tever (Fig. 28) 
and as thésagnount of 
the effort “changed, the 
amount of the resistance 
changed also. Finally, Figure 28.— (Key) DEMONSTRATION 5. 


he weighed a 30-inch Can you see why the conditions in this 
experiment resemble a lever? What is 


column of mercury one the effort? What is the resistance? 
square inch in cross sec- What is the fulcrum? 

tion and found that it 

weighed just 14.7 pounds, or in round numbers 15 pounds, 
at sea level. So a column of air as high as the thickness of 
the layer of atmosphere above the earth and one square inch 
in cross section weighs about 15 pounds. Does it weigh 
more or less on top of Mt. Everest?» Does it weigh more or 
less on the shores of the Dead Sea? Explain. 
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Pascal, a French scientist, repeated Torricelli’s experiment and 
also reasoned that if one went up a mountain with a 30-inch column 
of mercury, it ought to become shorter as one went on up. This 
theory was tested and found to be true. The mercury sank about 3 
inches in going up about 3000 feet, or about 1 inch for each 1000 
feet. (See Key Picture 4.) 

So Torricelli found out what held the water up to 34 feet in the 
pump of the Duke of Tuscany and why it would not rise any higher. 
Can you tell why? 


57. The Mercurial and Aneroid Barometers. — The 
common mercurial barometer is really a Torricellian tube, 





FIGURE 29.— EXTERIOR AND INTERIOR OF THE ANEROID BAROMETER. 


Find out the use of each hand. The darker one varies; the other never 
does. What effect will the atmospheric pressure have on the drum at a? 
How will this affect c and b? How will this act upon d? How will e be 
affected? What will happen. to the spoolf? How will this affect the hand 


ath? Whatisthe use ofg? Whatmachinesareshown here? What makes 
them work? 


filled with mercury with an extra supply in the bulb at the 
bottom and mounted on a board properly scaled to measure 
the height of the mercury column. What is the value of the 
extra supply of mercury? What does a mercury column 
greater or less than 30 inches mean to you? Explain. The 


— 


Atmospheric Pressure and Work Fe 


mercurial barometer is very accurate, -but it is also a clumsy 
piece of apparatus. To determine altitude a p e mech- 
anism must be used and so the aneroid (&n’ér-oid) barometer 
was invented. It isa very delicate instrument and one easily 
put out of order. A study of the diagram (Fig. 29) will make 
its construction clear to you. Secure one of these barometers 
and measure the height of some high hill or two or three 
stories of a building with it. (Key Picture 4.) 

58. The Barometer and the Weather. — The barometer 
indicates for us the atmospheric pressure at any given time 
and whether that pressure is becoming greater or less. A 
rising barometer means fair weather to come and a falling 
barometer means stormy weather, even though the sun is 
shining. Can youexplainthis? Your Key Picture will show 
you that the particlés of air near the earth are closer together 
than up away from the earth. Why is this so? If particles 
of moisture in the form of water vapor (which weigh less 
than the particles of air)! force themselves in between the 
particles of air, the resultant mixture weighs less, volume for 
volume, than the original air. It therefore exerts less pres- 
sure on the mercury in the barometer bulb, with a cor- 
responding drop of the mercury in the tube. (Air tempera- 
ture, because it affects air pressure; also governs barometer 

readings, as we shall see on pages 455 to 459.) 


2. Purtina Air TO WorRK 


59. Atmospheric Pressure and Work. — A little thought 
will show you that you can use atmospheric pressure to do 
work by getting it to move things. You must, however, 
always set up the proper conditions. Just how you set up 
these conditions and how work is produced is very clearly 
shown in the ordinary lift pump. 


1The weight of 22.4 liters of water vapor is 18 grams; of 22.4 
liters of dry air, 29 grams. 
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(Key) Demonstration.6: Problem: How does water rise ina 
lift pump? 

Materials: A medicine dropper; a small glass tube one foot 
long; a glass model pump or small glass syringe ; and a glass of water. 
(Fig 30.) 

Method: A. Insert the end of the dropper in the glass of water. 
Press the bulb. Allow the bulb to expand. , 

B. Insert one end of the glass tube in the glass of water and 
place the other end in the mouth. Blow through the tube. Now 
draw in the breath through the tube. 





Ficure 30.— (Key) DEMONSTRATION 6. 


In what ways are the medicine dropper and the glass pump similar? 
Note the valve in the pump. How does it work? When? 


C. Place the lower end of the model pump or syringe in the glass 
of water. Work the piston slowly. Compare the results with what 
happened in A and B. 

Observations: What filled the space in each piece of apparatus 
in the beginning of the demonstration? What happened to the 
contents of the bulb, tube, and pump or syringe as you followed 
out the directions under methods A, B, and C? 

Is the air pressure inside and outside of the three tubes equal? 
Explain these conditions. Why does the water in the tumbler 
rise in each case? With what does the water correspond in Tor- 
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ricelli’s experiment? Why is the water more active than the mer- 
cury? What is the use of the valve in the pump? What is the 
use of the piston? Does the water go out the same way it came in? 

Conclusion: Write out in full your conclusion, giving reasons. 
Write up the demonstration in good form with drawings in your 
Science Discovery Book. 


60. Lifting Water with Pumps. — Raising water from one 
level to another is hard work unless we make the factors of 





Ficure 31. — Lirtinc WATER IN EGyPt. 


Note the chain of buckets on the wheel at the right. The oxen have just 
passed between two vertical wheels. The one at the left engages with the 
big, horizontal wheel by a series of pegs and operates the bucket wheel 
through an axle. What kind of energy is here used ? 


our environment help us. In Egypt the treadmill and well 
sweep are still in use (Fig. 31). Where wells are in common 
use, as in the country, pumps are a necessity. Water sel- 
dom comes from a pump upon the first stroke of the handle. 
This is because there is no water in the pump barrel. A 
careful study of the accompanying diagrams (Fig. 32) will 
give the information needed to understand how a pump works, 


Putting Air to Work 
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Study the cistern pump in your kitchen (if you have one) or the 
pump in your yard and compare it with the one in Figure 32. If 
you have a chain pump how does it differ from this? Is the 
principle the same? Explain. (Key Picture 4.) 


‘A 


61. Sealing Jars. — The so-called ‘ suction” or vacuum 
principle is used with success by the housewife in the sealing 
of jars. The fruit or vege- 
table is cooked and placed in 
the jars while boiling hot. 
Steam drives out most of the 
air. (Compare this with the 
condition in the varnish can 
just before the cork was put 
in place, page 76.) The 
rubber ring is then placed 
on the jar top and the 
cover screwed or otherwise 
fastened on (Fig. 35). What 
is the use of the rubber 
ring? The top soon be- 
comes tightly fastened to Z 
the jar even before sealing. Jar of Water — 
Account for this. What Ficure 33.— Tue SiPHon. 
keeps the jar sealed? What What do the arrows pointing down 


must often be used to get the in the upper jar indicate ? Could arrows 
be rightly placed in the lower jar also? 


top off the jar when the con- What helps the flow of water down- 
tents are wanted for use? ward through the two tubes? 
Explain. (Key Picture 4.) 

62. The Siphon. — This is a simple apparatus which the 
ancient Romans, though well versed in engineering, did not 
know how touse. We now use it in our homes and in getting 
water to our large cities. What is its principle? Torricelli 
worked on this problem. He tried many schemes in order 
to find out why water goes up hillinasiphon. You can work 
an experiment at home and find out whether, Torricelli was 
right or wrong in his explanation of this problem. 
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With suggestions from your teacher set up the apparatus shown 
in Figure 33 and see if you can make the water flow from the upper 
to the lower jar through the glass and rubber tubes. 


63. Some Practical Uses of the Siphon. — As you have 
just seen, tanks of water too large to be easily moved can be 
emptied in a few minutes with the siphon. It will run the 
water from a washing machine to the sink, thus reducing the 
labor of wash day. Vinegar and other liquids may be drawn 
from barrels with this simple apparatus. But in every case 
the laws of the siphon must be fulfilled or it will not work. 
What are the laws of the siphon? (Key Picture 4.) 

64. The Vacuum Cleaner.— The day of the broom is 
nearly past. Something more sanitary and efficient is taking 
its place and this is the vacuum cleaner. Upon what prin- 
ciple does it work? This you can find out for yourself. 


Suggested Experiment. — Procure a glass tube 1 inch in diameter 
and about 6 inches long; a two-holed rubber stopper to fit the tube 
and to act as a pis- 
ton ; a small piece of 
muslin, a tiny square 
piece of rubber 
sheeting, some fine 
soil or sweepings, 
some shellac, and a 
stick to fit tightly 
one of the holes in 
the stopper. Secure 
a second stopper 
with one hole and a 
small piece of glass 
tubing about 3 
Figure 34.— How THE Vacuum CLEANER Works. inches long to fit 

What makes the muslin bag fill out when the tightly in this hole. 
piston is raised? What happens to the dust then? Now fasten the piece 
Explain fully. of rubber sheeting 

along one edge over 
the second hole in the two-holed stopper by the use of shellac. Be 
sure that three edges are free. Then put the stick in the other 
hole so that the rubber sheeting which will act as a valve will b 
tewards the long, free part of the stick and on top when the pisto . 





Evangelista Torricelli (1608-1647) 


As a young Italian mathematician, Torricelli early attracted the 
attention of the great Galileo. One of Galileo’s favorite pupils, he 
succeeded him in the chair of philosophy and mathematics at Florence. 

Galileo, confronted with 
the problem of why water 
would not rise in a pump 
above a height of 30 feet (see 
sections 55, 56), turned the 
problem over to Torricelli. 

Torricelli shrewdly concluded 

that a column of water, 30 feet 

in height, exactly balanced 

the atmospheric pressure on 

the outside of the pipe con- 

taining the water. Then 

came into Torricelli’s mind 

the idea that, since mercury 

weighed 13.6 times as much 

as water, volume for volume, 

a column of mercury but 30 : 

inches high or 1/13.6 of 30 ft. Taylor Instrument Co. 
would just about balance the 

atmospheric pressure outside of the tube containing the mercury. 
An experiment proved his theory to be right. How did this confirm 
his first explanation of the reason why water would not rise above 
30 feet in a well? (He found the actual height of the column of 
water to be 34 ft., but friction and a poor vacuum had reduced it 
to 30 ft.) From this experiment came our present mercurial ba- 
rometer. The great thing to remember, however, is that Torricelli 
reasoned like a real scientist and proved his theory to be true by true 
experimentation. 





89 


90 Putting Air to Work 


is in place. Next place the muslin over the other stopper and fasten 
it in place by pressing it tightly into the lower end of the glass 
tube. Insert the piston and press it downward. Compare your 
apparatus with Figure 34. Is it correctly assembled? Place the 
nozzle (small glass tube in lower stopper) over some of the dust 
on the table and raise the piston. What happens? Keep working 
the piston. Does the dirt disappear? Where does it go? Why 
does it go there? Does the atmosphere help here? How? Can 
the dirt get out? Why? Can the air in the glass tube get out? 
Where? How? How does the valve work on the piston? Explain 
fully how the vacuum cleaner works. Write it up in your Science 
Discovery Book. 


The earlier vacuum cleaners consisted of a barrel and pis- 
ton built exactly on the same plan as the little model you 
have just made and studied. But the modern cleaner is an 
electric portable machine. A rapidly revolving fan in a 
small metal box produces a good vacuum. The air rushes 
into this box and carries the dirt with it. Study any type 
of cleaner and report upon it. If you have none, send for a 
catalog of a good cleaner and st dy it. (Key Picture 4.) 

Report on its principle in class. ¢ 
65: Drain Pumps. — Pipes {éading from the sink to the 
sewer are sometimes stopped up with grease, lint, etc., and 
the plumber is often called in to remove the obstruction. 
Usually he places a rubber, bell-shaped cup over the sink 
outlet and by pressing down upon the handle attached to 
this cup he drives the air out from under it. Then by steadily 
pulling up on the cup, a very good vacuum is formed by 
which the obstruction is often removed. Explain. A simple 
cup of this kind can be purchased at any department store 
for less than a dollar and will pay for itself many times over 
in the course of a year. 

66. Other Uses of Atmospheric Pressure in the Home. — 
You have considered fully a very few of the many uses to 
which atmospheric pressure may be put, due to its weight. 
Explain on what principle the articles shown in Figure 35 
work and what their common uses are. 
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Ficgure 35.— Some PracticAL USES of ATMOSPHERIC PRESSURE. 


In the atomizer when and why will the air enter the bulb at b? As it 
passes out at dit tends to form a vacuum in the tubec. Why does the air enter 
ate? What causes the spray? In the fountain pen, what effect does the 
lever have on the bulb? Why is the pen filled? In the canned fruit what 
does the steam do? the rubber ring g? the top h? What makes the shoes 
stick to the floor when being worn? How can you form a vacuum with the 
rubber bell j? These are used to clean out drain pipes. How? Explain 
the action of the air in the glass tumbler at y and the action of the water in 
the glass tube at x when one draws up with the mouth on the open end of 
the tube. 
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Non-skid automobile tires use atmospheric pressure. How? 
All cans containing liquids must have two openings in their 
tops to allow them to be easily filled and emptied. Why? 
Why must one hold a bottle with a small neck in a horizon- 
tal position to empty it easily? Why does water gurgle as 
it comes from a bottle? 

67. Is Air Elastic? — A rubber band is elastic. You can 
stretch it and it will return to its original shape. Can the 
same thing be said of air? Can any gas be made to occupy 
a smaller space than it does where you find it? A demon- 
stration will give you some facts about this question. 


Demonstration 7: Problem: Can air be compressed? 

Materials: A glass tumbler; a bicycle pump; a deep glass dish; 
a basket ball; a glass tube 1 inch long; and a gallon jar of water. 

Method: Step 1: Fill the bladder of the ball with water. Pour 
some of the water from the bladder into the glass, filling it. Next 
empty the glass and fill it again from the bladder. Do this until 
the bladder is emptied, noting how many times the glass was filled 
with water. 

Step 2: Now fully inflate the basket ball with air. As it be- 
comes inflated feel of it and note its increasing resistance to the 
pressure of the hand. When full of air, tie the opening securely and 
strike the ball upon the floor. Does it rebound? Can you explain 
this? 

Step 3: Fill the glass with water and invert it in the jar of water. 
Fasten the end of the glass tube securely in the end of the rubber 
outlet of the bladder. Then, holding the free end of this tube under 
the edge of the glass tumbler in the jar of water, loosen the string 
which keeps the air in the bladder, just enough to release sufficient 
air to drive out the water from the tumbler. As soon as all the 
water is out, stop the flow of air from the bladder, fill the glass 
again, invert it in the jar and drive the water out a second time. 
Repeat this process as long as the air will drive out the water, 
noting carefully the number of times this takes place. 

Observations: After thoroughly discussing the demonstration, 
write out all your observations, determining if the volume of the 
air allowed to escape exceeds the volume of the water which filled 
the basket ball. How many times did the volume of air exceed 
the volume of water in the ball? 

Conclusion: Is air elastic? Is it flexible? Can it be com- 
pressed? Give reasons for your conclusion. 
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68. What is Compressed Air? — You have been told that 
the air is composed of minute particles of gas. These par- 
ticles are called molecules (m6l'é-kilz). (Key Picture 4.) 
These molecules are so small that you cannot see them even 
with the microscope (mi’kré-skdp), but scientists know that 
they exist. No one can weigh one of them, but taken in 
large numbers they show weight, a cubic foot of air weigh- 
ing about one ounce. These . 
molecules as they are found in 
the air about you are not close 
together. But if you have an 
air-tight box with a good 
valve in it and attach an air 
pump to this valve and force 
more air into the box, you be- 
gin to crowd the molecules 
of air together. They press 
against each other and they 
press against the side of the 
box. If the sides of the box 
were rubber, they would bulge 
out under the pressure as in the : 

Ficure 36.— THE Force Pump. 
basket ball bladder. In the Explain how atmospheric pres- 
box they are forced closer tO- sure is used in this pump (see Fig. 
gether. You now have com- Je peat aa: pea aaee 
LK aed a tg ressed the two valves work ? i 
air? ey Pi ‘ 

69. Some Common Uses of Compressed Air. — Our pneu- 
matic (nii-mit’ik) bicycle and automobile tires, including 
the balloon type, depend upon the compression of air to 
make them of use to us. They make riding comfortable. 
How? Compressed air is used in the air brake to control and 
stop street cars and trains. It operates the cash boxes in 
great department stores. It operates many railroad signals, 
vushes mail through underground mail tubes in large cities, 
and is used in most of the whistles on electric cars and trains. 
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A common use of compressed air in the home and in public 
buildings is in the door check, which prevents the slamming 
of doors and insures their closing when opened. The check 





FicguRE 37.— THE Com— 
MON AUTOMOBILE Pump. 


When the piston is raised 
what is formed below it? 
What will the air do above 
the piston? As the piston 
is forced down, the leather 
valve is forced up against 
the sides of the barrel. 
What effect does this have 
on the air below the pis- 
ton? What happens now 
to the valve in the automo- 
bile tire ? When will the 
valve again close? How 
does air get into the pump 
above the piston ? 


fountain. 
matic drill. 


6. A vacuum cleaner. 
9. A Cartesian diver. 


resembles a pump with cylinder and 
piston. 

The force pump (Fig. 36) is now a 
common sight in or near the homes of 
persons living in villages or small 
towns. It always forces the water out 
in a steady stream, which would not 
be possible in the ordinary lift pump. 
Why? How does it differ from the 
lift pump? Force pumps are used in 
city water works where water must be 
pumped to the homes and in fire 
engines. Look for the air domes on 
the fire engine the next time you see 
it at a fire or examine it in the fire 
house. 

Finally, the air pump, also called an 
exhaust pump, commonly seen in the 
school science room, is used in taking 
air from achamber. The diagram in 
Figure 39 will give you the idea. 
Study it, answering the questions on 
it, and then describe how it works. 


Special Problems. — Make a special 
study of the structure and working of the 
following pieces of apparatus and report 
your observations to the class: 

1. Anairgun. 2. Abuoy. 3. A kite. 
4, A pneumatic ink well. 5. A poultry 
7. A sand blast. 8. A pneu- 

10. A sliding trombone. 


70. The Caisson (ka’sén).— Piers for large bridges and 
the foundations of high buildings must be placed far down in 
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Figure 38.— THE CalIsson. 









































































































0. air lock; a, b, c, d, air chambers; e, working chamber; h, earth 
buckets; p, pump; q, air line. 
What is the use of the different air chambers? 
Why must there be protective coverings at 0 and n? 
Note the door opening from g to 0. Why is this necessary? 
What does the 50-pound air pressure do in the air chamber? 
How does it affect the men? 
Why do the men have to rest in each chamber as they go up or down? 
Account for the trap doors in the floor of each chamber. 
How is the caisson increased in height as it goes into the mud? 
What makes it go deeper into the mud? 
The workmen cannot work long at a time in the caisson. Why ? 
What is the use off? ofp? ofm? of 1? What is shown at i,j, and k? 
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the earth on solid rock. But to go down to such depths al- 
ways means the danger of caving in of the earth or of the 
rushing in of water. To do this work safely the caisson was 
invented. It is a tremendous air chamber filled with com- 
pressed air. 


Suggested Experiment. — Attach a one-foot length of rubber tub- 
ing to the small end of an 8-inch glass funnel. Now invert the large 
end of this funnel in a battery jar of water. Does the water come 
up inside the funnel? Howfar doesit come. Begin to blow through 
the stem of the funnel. What happens? Does the level of the 
water rise in the battery jar? Explain this and the principle of the 
caisson. Study Figure 38 and answer the questions. 


3. How Air Hetrs You to HEAR 


71. Air and Sound. — Everyone has noticed that when a 
locomotive whistles some distance away, the steam can be 
seen coming from the whistle some seconds before the 
noise of the whistle is heard. What causes sound? How 
does it travel? How fast does it travel? What causes 
differences in sounds? 


(Key) Demonstration 8: Problem: What has air to do with sound ? 

Materials: A tuning fork; a glass of water; four test tubes all of 
the same size (6 X §’’); a yardstick; an exhaust pump; a bell jar; 
and a cheap alarm clock (Fig. 39). 

Method: A. Strike the tuning fork against the edge of the glass 
of water and then hold its prongs near the ear. Strike the fork 
against the glass of water and hold the ends of the prongs in the glass 
of water. Note results in each case. 

B. Blowacross the top of each test tube. Note results. Now fill 
one tube } full of water, a second tube } full of water, and the 
third tube ¢ full of water. Blow across the top of each of these 
tubes. Record results under observations in each case. 

C. Strike the fork against the glass of water and then touch it 
gently to one end of the yardstick while the other is held near the 
ear. Repeat the process except that the end of the yardstick should 
be held this time against the front teeth. Record results. 

D. Place the alarm clock, wound and set to ring at a certain minute, 
on the plate of the exhaust pump. Cover with the jar and exhaust 
the air. Note the clock at the time set for the alarm. Do you hear 


Air and Sound OF 














FicureE 39.— (Key) DEMONSTRATION 8. 


A; bell jar; B, alarm clock; C, exhaust pipe; D, piston; E, cylinder; 
F, valves; G, support; H, handle of exhaust pump; I, yardstick; 
J, tumbler of water; K, tuning fork; L, test tubes. 

Study the materials here used and tell how each part functions in the 
experiment. Explain the direction of the arrows in the bell jar and pump. 
Give the use of each of the parts of the pump. 
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the alarm? If you can hear the alarm faintly, allow air to enter 
the jar while the ringing proceeds. Record the result. 

Observations: Record carefully everything you have observed 
in A, B, C, and D above, giving your reasons when possible. 

Conclusions: Study your observations and then write as your 
conclusion the answers to the following questions : ; 

1. What causes sound? 2. Do all vibrating objects produce 
the same amount of sound? 3. What causes differences in the 
intensity of “wh 4. How is sound earried from one place to 
another? 5. Which is the best carrier of sound, metal, wood, or 
air? 6. What has air to do with sound? Write this demonstra- 
tion complete in your Science Discovery Book. 

\ 

72. How Sounds Travel. — Sounds are caused, then, by 
the vibration or rapid moving back and forth of some sub- 
stance. The vibrations of the substance cause the air mole- 
cules to vibrate in ever widening circles or waves as when 
you throw a stone into still water. These air vibrations 
reach the ear and enter it. The ear drum (Fig. 43a) in turn 
vibrates, sending a sensation over a nerve to the brain, where 
the vibration is interpreted as that of a horn, piano, gun ex- 
plosion, human voice, ete. 

73. Sounds Differ. — The pitch of a sound depends upon 
the frequency, or distance from crest to crest, of the waves, 
its loudness upon the amplitude (height) of the waves, and 
its qualzty upon the nature and form of the sound-producing 
object. The more rapid the vibration, the higher the pitch. 
Vibrations ranging from 16 to 40,000 a second produce all the 
sounds we know, such as voices, bells, whistles, horns, musical 
instruments of all kinds, and the many sounds of nature. 

74. The Speed of Sounds. — Sound waves travel at the 
rate of about 1087 feet a second when the temperature of 
the air is at 0° Centigrade or 32° Fahrenheit. As the tempera- 
ture rises, the speed increases about 1 foot a second for every 
degree Fahrenheit and a little over 2 feet for each degree 
Centigrade. Knowing, then, what the temperature is at 
any time and place, it is possible to measure the distance 
across a small lake with a fair degree of accuracy. How | 
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could this be done? How could one tell how far a thunder 
storm was distant from any given point by a-~similiar 
method? | 

75. Sounds and Music.— Sounds very familiar to you 
are those produced by musical instruments. Have you ever 
thought that much of the best music is produced by vibrating 
air, bells, and wires? You can prove this for yourself by a 
simple experiment at home. ; 


Suggested Experiment. — Procure a test tube, a G and an E 
mandolin strings, an ordinary dinner bell, a tack hammer, a police- 
man’s whistle, and a pair of pliers. Blow gently across the open 
end of the test tube. What do you notice? Now blow harder. 
Upon what does the intensity of the sound you make depend? Upon 
what does its pitch (the note it corresponds to on the piano) depend ? 
Now blow on the whistle. Compare the result with that obtained 
with the test tube. Determine, if possible, the cause of the irregu- 
lar note of the whistle. Next attach an end of each of the mandolin 
strings tosome strong support. With the pliers take hold of the other 
end of one string and pull upon it. As you continue to pull harder 
pick the string with your finger. Note the result. Do the same 
with the other string. Finally, hold the beli in one hand and lightly 
touch the edge of it with the tack hammer. Notetheresult. Strike 
harder. Now ring the bell. Account for the noise and its increas- 
ing volume. Can you now explain just how a bell, a whistle, aud 
a wire give sound? 


76. Musical Instruments. — Practically all music is pro- 
duced by reinforced air vibrations due to the peculiar con- 
struction of the instrument producing those vibrations. 
This reinforcement is called resonance, and is generally caused 
by air waves entering one or more cavities and there vibrat- 
ing with great intensity. The wooden sides of a bass or 
snare drum (Fig. 40) vibrate as well as the heads; the sound- 
ing board of a violin or piano also vibrates as well as the 
strings (Fig. 40). By this method a larger volume of air is 
set in motion and thus the volume of sound is increased. 

77. Pitch and Tone. — The pitch or fundamental tone of a 
stringed instrument is the sound produced when the whole 
string is vibrating. But there are minor vibrations called 
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“overtones which are set up in different parts of the strings. 
These overtones give quality and richness to the sounds of an 
instrument. The pitch and tone of a string are determined 
by (1) its diameter, (2) its length, and (3) its tension. The 





Cc. Snare Drum.-~ 





D. Saxophone. 
Oliver Ditson Company. 


FicureE 40.— MusicaL INSTRUMENTS. 


Indicate where the sound occurs in each instrument. Tell what causes it 
and how it is controlled and made into music. 

What controls the pitch of the tones in A? in B? inD? 

Can a drum be tuned ? Why? What is the use of the hole in the side 
of the drum ? 


The Phonograph 101 


larger and longer a string is, the lower will be its tone. Ex- 
plain. Tuning a piano is the art of properly adjusting the 
tension and lengths of the various strings so as to produce 
the proper fundamental tones. 

78. Wind Instruments. —In the flute, cornet, and pic- 
colo, the breath is blown through a very small hole into an 
air chamber and resonant vibrations are set up. The pitch 
is controlled by stops and keys which when manipulated by 
the fingers either lengthen or shorten the column of air in 
the barrel of the instrument. In the horn the column of 
air is in violent vibration, the sound waves being modified 
and spread by the flare of the horn. The column of air be- 
tween the mouth and the stops is lengthened or shortened 
by the keys and so the correct pitch is produced. Watch one 
of these instruments work and check its parts by use of 
Figure 40. 

79. The Player Piano. — This instrument uses atmos- 
pheric pressure to produce action of the hammers upon the 
strings attached to the sounding-board. A bellows con- 
nected with an exhaust pump is worked by the feet of the 
operator. Study Figure 41 and be able to explain it fully. 

80. The Phonograph.—If you hold a knitting needle 
so that one end touches the head of a drum which has been 
struck, the needle will vibrate and the hand will feel these 
vibrations. If sound waves strike a disk to which a small 
needle is attached, this needle will vibrate. If this vibrating 
needle is lightly drawn across some soft material such as 
wax, impressions will be made in the wax. When hard, these 
impressions will again cause vibrations in a needle the point 
of which is passed over them. This needle can be attached 
to a vibrating disk called a reproducer. This in turn can 
be attached to a resonator (réz/6-na’tér) or horn, which 
magnifies the vibrations; we then interpret them as sound. 

In the above description we have the fundamental prin- 
ciple of aphonograph. Study Figure 42 and answer the ques- 
tions upon it and then examine a phonograph carefully. 
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81. The Human Voice.— The human voice is a reed 
and wind instrument combined. At the top of the trachea 
(tra’ké-d) or windpipe is a voice box called the larynx (lar’- 
inks) or Adam’s apple. Over its top are stretched thin 
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The pump forms a partial vacuum in thetube-FF and chamber AA, by draw- 


ing air through the ‘‘bleed.’’ This allows the air to pass over the valve DD 
to the bellows EE. When a hole in the music roll exposes a hole in a tracker 
bar, the air rushes down tube F, forces up the leather pouch at C, raises the 
valve at D, shuts off the air from EE, and opens the vacuum chamber at A. 


The air pressing on the bellows collapses it, the wippen is struck, and the 
hammer strikes the string. 


The Human Voice 103 


a? 
NARA Sey 


if 
H 
. 


| 
(o 


4 


tl 


HAL 
y 
Uda Ms 





Sonora Phonograph Company. 
FicurE 42.— THE PHONOGRAPH. 


A, the cabinet and resonator. Note the great length of this resonator. 
It is made of very light wood. Note its increasing size. Explain this, 
B, the reproducer. The needle is connected by an arm to the center of the 
dark mica reproducer. What passes over the needle? C, the needle in 


contact with the record. Note the hollow tube which connects the repro- 
ducer to the resonator. 
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projecting membranes called vocal cords (Fig. 43b). When 
you begin to speak, certain muscles stretch these cords and 
the air from the lungs rushing past them causes them to 
vibrate. Aided by the resonance of the bones, cartilage, and 
air spaces, they produce sound waves which we call the voice. 
The pitch and intensity of any voice depend upon the degree 
of tension of the cords, the force of the air passing over them, 
the length of the cords, and the configuration and control of 
the throat, nose, and mouth by the person to whom they belong. 


4. Your Ears anp How To Usrt THEM 


82. How You Hear. — If you look at your companion’s 
ear you will observe that its flaring part looks some- 
thing like a horn. This gives you the idea that it catches 
sounds. But this observation does not explain for you how 
one hears. You can get a clear idea of the mechanism for 
hearing by an experiment which you can work yourself. 


Suggested Experiment. — Secure a baking powder can. Punch 
a small hole through the center of the bottom just large enough 
to push a stout cord through. Rub this cord with resin. Knot 
the end of the cord so that it cannot pull through the hole. Hold 
the open end of the can to the ear. Let a companion pull gently 
on the cord and then pick it with his fingers. Have this companion 
now slide the cord between his fingers, keeping it tight. Watch 
him and listen for results. Do you hear sounds in the can? How 
do they compare with the sounds when the ean is held away from 
the ear? What causes the increase in sound? Study now a model 
or chart of the ear and determine what structure in the ear may be 
compared to the bottom of the can. What carried the sound 
from the bottom of the can to your ear? What structure of the 
ear tends to send sounds into it? 


83. The Human Ear. — The ear is a wonderful contriv- 
ance for receiving and interpreting, with the aid of the brain, 
the meaning of air vibrations. The fleshy outer portion or 
external ear is so constructed that it catches and centers all 
air vibrations reaching it. Study Figure 43a and answer all 
questions upon it. 
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Ficure 438.—THE VocaL Corps. 


Compare these parts to those found in musical instruments. Explain 
what the air has to do with the work of each organ. Why must there be a 
passageway to the mouth from behind the ear drum? Why must the vocal 
cords be controlled in their length? 
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84. Hygiene of the Ear. — Deaf persons are outside the 
circle of common conversation because it takes so much 
effort to make them understand. They are constantly in 
danger of being injured or killed and their culture is often 
sadly neglected. Explain. 

It is very important, then, for you to understand some of 
the things you should and should not do in order to keep your 
ears in the best possible condition for hearing. .Some rules 
follow : 


(1) Never slap or “‘ box 
others to do this to you. 

(2) Do not allow a large quantity of ear wax to accumulate in 
your external ear. 

(3) Never attempt to remove this wax with a sharp instrument 
such as a pencil, toothpick, pin head, ete, Wax may be easily re- 
moved by twisting a part of a soft linen or silk handkerchief over 
the rounded end of a small hair pin and gently inserting it in the 
outer ear, slowly twisting it about. The wax will generally adhere 
to the cloth and so will be easily removed. If this treatment does 
not bring results, the family physician should be consulted. To 
remove foreign bodies from the ear, drop a little sweet oil in the 
outer ear. This will ordinarily fioat them into view and they can 
be easily taken out. In case this should fail, however, a physician 
should be consulted. 
~ (4) It is well to cover the ears with a rubber cap when doing 
deep diving. f 

(5) Never sleep upon the ground without placing absorbent 
cotton in your ears. This is.to prevent insects from crawling into 
your external ear. 

(6). Never allow nose or throat trouble to go untreated. Go to 
a competent specialist to have it cleared up. 

Now study the diagram of the ear and work out a definite reason 
for each rule for the care of the ear based upon its structure. You 
will understand better the value of these rules and the importance 
of following them. 


85. Aids and Obstacles to Hearing in the Home. — Smooth 
surfaces are best adapted to stop and turn back sound waves 
without changing their form and rate of vibration. This 


is what we call echo. Conversation can be heard across 
water for great distances. Why? 


” another person on the ear nor allow 
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In the forest the discharge of a gun produces a terrible 
crash and the echo reverberates again and again. Explain. 
In the open the report is sharp and short. Explain. 

The rotunda of the Library of Congress and many halls 
such as the Mormon Tabernacle at Salt Lake City and the 
Open Air Theater at San Diego, California, with its immense 
organ and arched sounding board, make all sounds exceed- 
ingly distinct. Explain. 

On the other hand, any room which is heavily furnished 
with draperies, carpets, curtains, pictures, furniture, etc., 
will cause an absorption of sound waves which might other- 
wise be reflected. 

In the home, then, it is plain that the rooms should not be 
too high or too low, — about 8 to 9 feet on the average; the 
walls should be fairly smooth and pictures and furniture 
never too abundant or heavy. Neither should they be too 
fewinnumber. Explain. The proper conditions will prevent 
the muffled voice or the harsh, hollow voice heard in some 


homes. Explain. 


KEY WORDS 


Nore.— Remember to look back through the chapter for the fol- 
lowing key words. Be sure to record the starred words in your 


Science Discovery Book. 


air domes drain pump* molecule* 
air gun Duke of Tuscany* overtone 
aneroid barometer* echo Pascal* 
~atmosphere* exhaust pump* pendulum 
atmospheric pressure* external ear* phonograph* 
atomizer* force pump* pitch* 
barometer* Galileo* pneumatic* 
beam balance kite reproducer* 
bicycle pump larynx* resonance* 
caisson* lift pump* resonator 
Cartesian diver* Magdeburg hemi- sand blast* 
cartilage spheres* siphon*. 
~-eompressed air* medicine dropper* sound* 
door check* microscope sounding board* 
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telescope* treadmill vacuum cleaner* 
tone* trombone vacuum cups 
Torricelli* tuning* » vaporized 
Torricellian tube* tuning fork* vibration* 
Torricelli’s vacuum* vacuum* vocal cords* 
trachea* 


REVIEW OUTLINE 


1. Air is a real substance because it (1) occupies space and (2) has 
weight. 

2. The air ocean (atmosphere) exerts pressure upon surfaces. This 
pressure (1) varies and (2) can be measured. Discoveries of 
Torricelli and Pascal. i 

3. Modern Air Pressure Instruments: (1) Mercurial barometer and 
(2) aneroid barometer. Use of each. 

4, Atmospheric pressure does work in: (1) Lift pump; (2) seal- 
ing cans; (3) siphon; (4) vacuum cleaner; (5) drain pump; 
(6) medicine dropper; (7) syringe; (8) self-filling fountain pen ; 
(9) atomizer; (10) tennis shoes; (11) tires. 

5. Air can be compressed and made to do work in: (1) Auto- 
mobile tires; (2) pneumatic cash tubes; (3) railway signals; 
(4) air guns; (5) door checks; (6) foree pumps; (7) sand blasts; 
(8) sprayers; (9) atomizers; (10) caissons. 

6. Air and Sound: how sound is produced. Sounds travel in 
waves; differ in pitch; differ in intensity. 

7. Air and musical instruments, bells, whistles, and similar sound 
producers: how constructed to vibrate or cause vibration of air; 
importance of pitch and tone in each. The principle of the: 
(1) piano player; (2) phonograph; (3) human voice. 

8. Sounds in Relation to the Human Ear: structure and work of 
the ear; hygiene of the ear; aids and obstacles to hearing in 
the home. 


SUMMARY 


The atmosphere forms a deep ocean over and about us. This 
atmosphere is a real substance because it occupies space and has 
weight. 

Air presses down upon the surface of everything on the earth 
with a tremendous force. The higher up we go above the earth, 
the less is the pressure. We can thus determine altitude and fore- 
cast weather conditions with a barometer. 
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Atmospheric pressure | can be used to do work for us by lifting 
matter, especially liquids, in lift pumps, drain pumps, syringes, 
medicine droppers, siphons, and vacuum cleaners, or in holding 
matter in place as in tennis shoes, non-skid tires, ete. 

| / This same air can also be compressed into small spaces or con- 
tainers; it thus exerts great pressure upon the sides of the container 
holding it. It is so used in automobile tires and in footballs, in 
caissons and in door checks. If compressed and suddenly allowed 
to escape in a certain way, air will do work in such contrivances 
as pneumatic mail or cash tubes, air guns, force pumps, sand blast- 
ing machines, and sprayers. 

Sound is caused by a vibrating body. The air vibrates around 
this body, carrying the vibrations out in waves to the human ear, 
which is fitted to receive and to interpret these vibrations. All 
sounds differ in pitch and intensity. Some vibrating objects give us 
the sensation of sound which we eall a noise, while other objects, 
such as the violin, clarinet, piano, and phonograph, give us sounds 
which we call music. 

In order that the human ear may properly function it must be 
properly cared for and the home surroundings should be such as to 
aid the ear in receiving sounds. 


Remember that : 


/ 1, At is a real substance. 

/ 2. Air is valuable in determining altitudes, in forecasting the 
/ weather, in moving gases, liquids, and solids and in holding objects 
_—<é in place. . 

3. Air is elastic and can for this reason be made to carry loads, 

and move gases, liquids, and solids. 

4, Air makes sound possible. 

5. Sounds play a very large part in the pleasures and work of 
\__-our lives. / ~~ 

Explain in full each of the above statements. 


THOUGHT QUESTIONS 


1. A paper bag, blown full of air, tightly closed, and struck a 
blow, bursts with a loud report. Account for the bursting and the 
noise. 

2. Why is it that when a small amount of illuminating gas is 
released from a gas jet, it can be detected by its odor in the opposite 
end of the room? 

3. Account for the fact that a person’s nose may bleed when 
he is climbing a high mountain. 
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4, Why do dust and papers tend to fly after a rapidly moving 
automobile or train? 

5. Why does it greatly tire one to walk in the mud? 

6. Which would you prefer to carry a mile, an inflated or a de- 
flated automobile tire? Explain. 

7. If a person quickly opens a door on one side of a room, any 
other door in that room will also move, if unlatched. Explain. 

8. The mercury in the Torricelli barometer is held up by the 
force of gravity which tends to pull things down. Explain this. 

9. A gas-filled balloon will burst at high altitudes. Explain. 

10. A drummer strikes the cymbals together in an orchestra and 

then immediately touches them with his hand. Why? Explain. 


SPECIAL PROBLEM 


Form a committee of from three'to five of your classmates and 
test one another’s hearing. Hold a watch about six inches from 
the ear of a companion, with his other ear covered. Can he hear 
the ticking of the watch? Place the watch at a distance of one 
foot. Can he now hear? If he ean hear the ticks at a distance of 
eighteen inches his hearing is normal. In what two ways could 
the hearing be abnormal? ‘Test the other ear in the same way. 
Is his hearing equally good in both ears? Test the others of the 
committee in the same way. How many have normal hearing? 
How many are above normal? below normal? What is the aver- 
age hearing distance for the committee? Is it above or below 
eighteen inches? If defects are found, what would you suggest 
doing ? 
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SPECIAL PROBLEMS 


When you can start out with confidence to solve either 
at home or in school any of these special problems you 
are on the high road to success as a young scientist. 

To handle-these problems successfully, however, you 
must first have, as you probably have already discovered, 
a good working knowledge of all the facts and principles 
so far covered in the subject of General Science. Then 
you must deliberately begin to collect materials to work 
out your problem. In this you follow exactly the steps of 
a key demonstration. Having gathered the materials, 
you are to use them in a way to bring about some natural 
result. Using this as a basis you may draw a conclusion 
which may again be the basis. for a second problem to be 
solved. 0 

In working out these problems you must always be ready 
for new problems which may arise as a result of what 
you are doing. This is exactly what the true scientist 
always does. You may find several experiments neces- 
sary before you arrive at your general conclusion. But 
when you get this conclusion, you will derive great satis- 
faction from it. Do not fail, therefore, to secure all the 
information you can from all sources. This will all be 
helpful and valuable to you. 








Key Picture 5.— Some CHEMICAL AND PHYSICAL CHANGES. 


Study carefully the pictures at A, B,C, D, and E and determine what kind 
of change has taken place in each. How does each differ from those occur- 
ing in K or F? Study every part of I and tell two kinds of change occuring 
here. How many examples are there of each kind of change in 1? How 
are the changes in F, G, H, K, and L alike? How do they differ? What 
can you say of J? of N? Now study the pictures at M and see how they 
explain just what happens at F, H, K, and L. 
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CHAPTER V 
ATR, FIRE, AND LIVING THINGS 


Around us Nature’s laws are stretched afar, 
And vast designs of Providence unseen. 
Whither they lead we know not, but they are 
Substantial to our touch, on them we lean. 
—Ritchie Smith. 


The work of science is to substitute facts for appearances and demon- 
stration for impressions. —John Ruskin. 


What Do You Think Makes Fire Burn? 


Do you know why they throw water upon a fire to put 
it out? Would you believe the statement that all living 
things are slowly burning up? ,Did you know that your 


body must have good air in order to burn well so that you 
can be healthy and do good work? Would you be inter- 
ested in finding out the best methods of getting this life- 
giving air into your home and school? 





Some Practical Questions: 

1. Why does a match light? 

2. Why will a fire keep burning in a stove over night with all 
the drafts closed ? 

3. Fires in steamship holds have often been put out by blowing 
steam down into the interior of the ship. Explain. 

4. Why does the human body need oxygen? 

5. What is the importance of deep-breathing exercises ? 

Home Problems. — 1. Open the lower draft and close the feed- 
door draft in your furnace. Note the effect upon the fire. Reverse 
the process when the fire is lively and note the effect. Explain. 

2. Light one of the burners of your gas stove. Place both 
thumbs over the vents in the mixer just back of the turncock and 
see what happens. Explain fully the results. 
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Field Problem. — If possible, visit the scene of a fire and watch 
the firemen work. Note the effects of the water on the fire. Ex- 
plain why it is ‘‘ put out.” If the fire begins again where it was 
once “ put out,’’ explain it. 


KEY PICTURES 


You have already been attracted by the picture at the 
beginning of each chapter because it told you so many 
interesting things which were very helpful to you in study- 
ing the chapter. 

This is just the purpose of these pictures. They give 
you an introduction to new chapters and sum them up for 
you. You will want to refer to them constantly in order 


to refresh your mind as to the central ideas of the various 
chapters. 

Your key demonstrations show you fundamental prin- 
ciples necessary to the understanding of the text. The 
key pictures do the same thing, butin another way. They 
appeal to your eye and will help you over many a hard and 
difficult spot. Use the key pictures again and again. 
They will help you. 





1. Way a Frre Burns 


86. The Discovery of Fire. — We use fire so commonly 
to-day that it seems almost impossible to believe that there 
was a time when men did not know what fire was. No one 
knows when man first discovered fire or when he was first 
able to produce it. He certainly must have been surprised 
or even terrified at the first sight of it. Is it any wonder 
that savages worship fire? 

87. Air and Fire.— Almost every boy and girl has asked 
the question: What makes fire burn? Do you know just 
what air has to do with the burning of the fire? A simple 
demonstration will give you an answer to this question. 
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4 sat ia Demonstration 9: Problem: Is air necessary to make things 
urn 

Materials: Two small battery jars (C); two short pieces of candle (B); 
and a piece of heavy cardboard or sheet tin about 5 inches square (A). 

Method: Place a candle 
upright in the bottom of 
each jar. Light both can- 
dles. While they are burn- 
ing cover the mouth of one 

- jar with the cardboard or 
plate. (Fig. 44.) 

Observations: What hap- 
pens in each jar? What 
filled both jars at first? 
Account for the different 
actions of the candles in 
the two jars. 

Conclusion: Write out 
your conclusion, giving rea- 
sons. 

Practical Application: 
What is the best way of | Ficure 44.—-(Key) DEmonsTRATION 9. 
making a fire burn? Can Can you tell why two jars are used ? 
one give a fire too much Why are two candles used ? 
air? What is the simplest 
method of “‘ checking ”’ a fire in a stove? How would you put out 
a small fire? Why does stepping on a match “‘ put it out’? Why 
will blowing a smoldering fire often make it burst into flame? 


88. Of What Is Air Composed ? — Since air is so necessary 
in burning, we ought to know the nature of this air. Here 
is a problem for you to solve by yourself. You can do this 


at home or in school. 

Suggested Experiment. — Secure a small battery jar, a shallow 
dish of water, a small piece of phosphorus (see footnote on p. 120), 
a flat cork large enough to hold the phosphorus easily. Set the phos- 
phorus on the cork and place the cork and phosphorus in the shallow 
dish of water. Touch a lighted match to the phosphorus. Invert 
the battery jar and lower it over the phosphorus and cork until its 
edges touch the bottom of the dish. Record what happens to the 
phosphorus, the cork, and the water in the shallow dish. What was 
in the jar at first? Why does the water rise in the jar? Why does 
it stop rising? Why did the phosphorus go out? About what part 
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of the whole jar does the water occupy? Does this experiment 
show that air is just one kind of substance or that it is a mixture of 
two or more substances? What are the relative amounts of each 
substance? 


89. The Air and Fire. — You now know that a part of the 
air supports burning. But you do not know as yet what 
part does this work. A 
demonstration will make . 
this clear to you. 


(Key) Demonstration 10: 
Problem: What part of the 
air makes things burn? 

Materials: An iron ring 
stand; a large test tube 
(1” X 8’); a one-holed rub- 
ber stopper to fit the test 
tube; arubber delivery tube 
about two feet long; two 
wide-mouthed bottles; 
wood splints; a Bunsen 
burner; a shallow dish; 
potassium chlorate; and 
manganese dioxide. 

Method: Set up the ap- 
paratus as shown in Figure 

Ficure 45.— (Key) Demonstration 10. 45, Place in the large test 

A, Bunsen burner; B, mixture of tubeabout two tablespoon- 
chemicals in tube; C, iron ring stand; fuls of a mixture of equal 
D, boiling tube; E, F, wide-mouthed parts of potassium chlorate 
bottles; G, rubber tubing; H, shallow and manganese dioxide. 


dish containing water. 
Can you tell why the long rubber tube is te dete OS 


used? What does the heat do? Why is to end ‘of! ‘test _ end 
the bottle filled with water? Why does collect the gas given off 
not the water run out when the bottle is in- Under the bottle in the shal- 
verted > low dish. These bubbles 

are composed of a gas called 
oxygen. When the water is entirely driven out of the bottle, remove 
the bottle and cover it with a glass plate. Caution: Always remove 
the tubing from the water before removing the flame. Now thrust 
a glowing splinter of wood into the bottle. Blow out the flame 
and thrust it in a second time. Try it again. 
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Observations: 1. What was in the bottle before the water was 
putintoit? 2. What change occurred in the bottle when the water 
was putin? 3. What form of matter took the place of the water 
in the bottle? 4. Why did the water leave the bottle? 5. Did 
the splint burn brightly in the bottle? Why did the wood 
splint burst into flame? 6. Why does a candle Burn in the air? 
Why does anything burn in the air? 7. Is oxygen an active gas? 

Conclusion: What part of the air makes things burn? 

Practical Application: Why will the closing of- steel shutters 
on warehouses help to put out a fire in them? Why is it fortunate 
that only about 4 of the air is oxygen? Why is the flame of an 
oxygen-hydrogen light so intensely hot? 


90. Nitrogen. — While oxygen occupies about 4 of the 
atmosphere, another gas takes up almost 4 of the remainder. — 
This gas is nitrogen. To find out one of its important 
properties you can work this simple experiment. 


Suggested Experiment. — Use the apparatus of Demonstration 
10. For materials use a small amount of ammonium chloride and 
sodium nitrite mixed. Gently heat the mixture in a test tube. 
Collect gas as before, remembering the caution! Place a burning 
match in the bottle. What happens? Try it again. What is a 
characteristic of nitrogen? Why is it fortunate that there is so 
much nitrogen about us in the air? 


91. Carbon Dioxide. — You probably saw nothing come 
away from the wood splints as you burned them, but the 
fact that you cannot see a thing does not mean that it does 
not exist. Can-you see air? Try a simple experiment 
and carefully note the results. You may be surprised at 


them. 


Suggested Experiment. — Hold the flame of the candle under the 
mouth of an inverted bottle for a few moments. Note carefully 
the inside surface of the bottle and observe the water there. Now 
pour some limewater into this bottle and shake it well. What 
happens? Holda lighted wood splint under a second inverted bottle. 
Do you note the same result as before? Pour in limewater and 
shake. What happens? Finally hold the lighted candle under a glass 
plate so that the flame almost touches it. What do you find on 
the plate? Use the burning wood splint in the same way. What 
happens? What gas made the candle burn? the wood splint ? 
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How can you account for the water given off from the flames? What 
happened to the limewater in thé bottle? Note: Chemists have 
discovered that the only gas known that will turn limewater milky 
is carbon dioxide. What, then, is the second product of a burning 
candle and wood splint? What is the black substance on the plate? 
We call this unburned carbon or soot. What are two products of 
the burning of wood or a candle? 


92. Some Things Carbon Dioxide Can Do. — This sub- 
stance is matter, just as carbon is matter. It must, therefore, 
have certain properties. You have already learned what 
it will do to limewater. This is a chemical property. 

Suggested Experiment. — If you get a little hydrochloric acid, 
some baking soda or marble dust, a wide-mouthed bottle, a test 
tube, and a wood splint, you can determine some other properties 
of this substance. Place about 10 grams of the soda or marble 
dust in the bottle and pour over it some of the acid. Note what 
happens in the bottle. Did you feel any heat? What kind of 
energy ishereshown? Thrust a lighted wood splint into the bottle. 
What happens? What is a second property of carbon dioxide? 
Smell the contents of the bottle. Has it any odor? - Has it color? 
Can you see it? Give three other properties of carbon dioxide. 


93. Why a Fire Burns. — Not until the year 1774 was 
it discovered that oxygen had considerable to do with fire. 
It had always been supposed that when a substance burned, 
something escaped from it. 


But Lavoisier (la’vwa’zya’), a French scientist, found out that 
things actually gain in weight when they burn. This gain is caused 
by the addition of oxygen from the air during the burning process. 
Lavoisier also found out that not all of the air surrounding a sub- 
stance was used up in the burning, because the burning would not 
go on long in an inclosure and there was always something left 
that ‘‘ put out” fire. What is this gas? 

On August 1 of the same year, Priestley, an Englishman, pre- 
pared oxygen by heating a red powder known as mercuric oxide. 
- The powder disappeared and a gas tookits place. A glowing splinter 
of wood, when placed in this gas, burst into a bright flame. He * 
also put a live mouse in an inclosure containing this gas and it con- © 
tinued to live. This gas Priestley called ‘“‘ good air,’’ which is 
the form of matter we now call oxygen. Lavoisier then called the 
gas which put out fire ‘“‘ bad air,’’ which is the gas we now call 







Antoine Lavoisier (1743-1794) 


— 
























This great French 
chemist was the founder of 
modern chemistry. After 
receiving an excellent 
education, he determined 
to devote his life to the 
cause of science. He 
proved that matter can 
be neither created nor de- 
stroyed, but his greatest 
work was his correct ex- | 
planation of the process of ! 
oxidation. Using Priestley’s discoveries as a basis of his work, he showed 
that a metal gains in weight when heated in the air. He named this sub- 
stance which causes a gain in weight ‘‘oxygen”’ or “acid former.” He 
named hydrogen and nitrogen aiso. He wrote the first text-book on 
chemistry. 

We owe to him the methods of bleaching linen, of refining metals, 
of lighting by gas, of extracting. sugar from beets, and of dyeing, and 
the fundamentals of the improved manufacture of steel. 

Interested in politics, he unfortunately came into contact with the 
French Revolutionary government and was guillotined in 1794. In this 
rash act France lost one of the greatest men she ever produced. 







Popular Science Monthly. 
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nitrogen. He further decided that the air is made up of more than 
one gas. 


The observations of these two mer showed that it is the 
oxygen in the air which makes things burn and that most 
substances will not burn even in the presence of pure oxy- 
gen unless they are heated to a certain point called the kind- 


ling or ignition point. ‘Then burning begins. 


(Key) Demonstration 11: Problem: Do the kindling temperatures 
of some common combustible substances differ? 

Materials: A small lump of sulphur; a piece of phosphorus! (fés’- 
for-tis) the size of a pea seed; an iron ring stand and clamp; a Bun- 
sen burner or alco- 
hol lamp; a small 
piece of writing 
paper ; a small cube 
of wood; and a 
piece of sheet iron 
about 8” square. 

Method: As- 
semble the appa- 
ratus as shown in. 
Figure 46. Place 
the four substances . 
to be tested on the 
tin plate in the or- 
der indicated in the 


FicurRE 46.— (Key) DEMONSTRATION 11. diagram. Place 


Does the order in which the materials are placed the Bunsen flame 
on the plate make any difference in the results? Ex- under the edge of 
plain why one substance burned first and why one the plate farthest 
burned last. Account for the order in which they from the phos- 
burned. phorus. Watch for 

results. 

Observations: What happened? Which substance began to 
burn first? How did it burn? Which burned last? Can you 
explain this? 








* Phosphorus, because of its highly combustible nature, is a very 
dangerous substance to handle. Always keep it under water in a 
bottle and when using it cut off very small pieces at one time. 
Do not allow the fingers to touch it at any time. 


/ 
\ 


} 
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Conclusion; Do different substances have different kindling 
temperatures or ignition points? Give your proofs. 

Practical Application: Why is it well to keep phosphorus under 
water? Explain. What other method might be used to keep it 
from burning? Why are different materials used in building a 
fire? In what order are these materials placed in the stove or fur- 
nace? Study the structure of a match (Key Picture 8) and apply 
the knowledge you gained in this demonstration in explaining how 
and why a match is made the way it is. 


94. Oxygen and Oxidation. — No burning can take place 
without oxygen and certain substances will burn better than 
others. This burning we call oxidation. If it is rapid 
enough to produce light, we call it rapid oxidation or_com- 

tion. Wecannot see oxygen. We cannot feel it or smell 
it. We cannot even taste it. We may then call oxygen a 
tasteless, odorless, invisible gas. Such facts about oxygen 
we learn by the use of our senses and so we call these 
facts physical properties. Give two physical properties of 
nitrogen; two of air; two of carbon dioxide. 

But oxygen can do things. It chemically unites with sub- 
stances in wood, paper, etc., producing heat, light, water, 
carbon dioxide, etc. The things that oxygen can do are 
called its chemical properties. Does nitrogen have any 
chemical properties? Does carbon dioxide? 

Thus we see that certain phenomena always accompany 
the process of oxidation.’ These may be summarized as 


follows : 
(1) Oxidation is the chemical uniofi of oxygen with other sub- 


stances. nar, 
(2) Heat is always produced in the process of oxidation. 
(3) Burning or combustion is rapid oxidation. 
(4) New substances called oxides are always produced by the 


process of oxidation. (See Key Picture 5.) 


95. Air, Fire, and Work. — All work done by air because 
of its weight, its pressure upon surfaces (owing to its being 


compressed), or its motion is purely meechanteal.—_W-e-are 
now concerned with the ways air is used or made to do work 
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because of its chemical_composition and action. Your early 
demonstration with the coffee pot showed you that air and 
illuminating gas can do work. Gasoline and air also can 
do work in driving an automobile along the road. This 
work may be useful or it may be destructive. 








U. S. Forest Service. 


FIGURE 47.— FIRE IN THE ARAPAHOE NATIONAL PARK. 


This fire burned 2500 acres of timber in 34 hours and came close to 
3 carloads of gunpowder. Give some causes of such fires. Give some 
ways of preventing them. 


We cannot imagine what our lives would be without fire. 
Yet we read every day of the enormous losses caused by its 
destructive power. A few years ago someone carelessly 
left a fire burning in the Minnesota forest. The result was 
the loss of 600 human lives, the destruction of two towns, and 
the burning over of millions of acres of valuable timber. 

Consider the great Chicago fire caused by the overturning 
of alamp. Finally, try to think of the awful disaster in the 
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destruction of thousands of homes by fire during the World 
War. In every case, air, fuel, and fire did the work. 

96. Oxidation Changes Matter but Does not Destroy — 
It. — You now know that every change is an effect because 
it had a cause. This means that all changes in the world 
are controlled by natural laws. 

But these changes are not all alike. A farmer plows 
his fields or chops down trees for firewood. Water freezes 
into ice. Water is heated and changes to steam. Wood or 
steel or stone is sawed into pieces. In every case the form 
and shape of the substance are changed but no new_sub- 
stances are produced nor has anything been destroyed. 
Such changes, as you now know, are called physical_changes 
(Key Picture 5). Define such a change. 

Again, you shovel coal into a furnace and it is consumed, 
— burned. Ashes appear in the ash pit and you get heat 
from the burning coal. Soil is changed by the sun through 
the help of rain and air into potatoes and wheat and apples. 
A building burns down and property is destroyed. The beams 
and floors of the house are broken up by the process of oxi- 
dation, producing new substances such as carbon dioxide, 
smoke, ashes, and water. A chemical.change has taken place 
because the nature of the substances burned has been changed 
as well as their form and shape (Key Picture 5). However, the 
simple elements (oxygen, hydrogen, carbon, etc.) of the orig- 
inal substances have not been changed; they have merely 
entered into new combinations, forming new substances. 


2. OXIDATION AND ITs CONTROL IN THE HOME 


97. Oxidation in the Home. — How can oxidation be 
used to advantage in the home? Under what conditions 
would you want to raise any substance to its ignition point? 
What would you want to produce in the process? Of what 
benefit would this process be to you? Think about these 
questions and then explain how the process is actually started 
in the home. ; 
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98. Matches. — Men lived for ages without matches. 
All fires were started either by rubbing two pieces of wood 
- together until the point of ignition was reached or by pro- 
ducing a spark with flint and steel from which a piece of 
tinder could be set on fire. In the seventeenth century 
someone discovered that sulphur can be used to help start 
fires because it starts to burn at a much lower tempera- 
ture than wood. A-hot nail will set it sputtering. When 
burning, it will easily set wood afire. But it was as late as 
1823 before the first “‘ parlor match ” was invented. To-day 
the consumption of matches is 700,000,000 every 24 hours 
in the United States. Phosphorus is used in all modern 


of sulphur. Very slight friction will set yellow phosphorus 
afire. The present-day ‘“‘strike-anywhere”’ match is a black- 
tipped match and contains phosphorus trisulphide (tri-stl’fid), 
a harmless form, instead of the very poisonous yellow form. 

Make a careful study of the diagram of the match (Key 
Picture 8) and answer all questions upon it. 


1. Observe and report upon 10 physical and 10 chemical changes 
which take place about you during a period of two days. 

2. Determine the nature and use of products of some physical 
and chemical changes taking place about you. 


99. Building Fires.— What materials are necessary to 
build a fire in your kitchen stove? Make a list of them as if 
you were about to work an experiment for yourself. Give 
a reason for the use of each thing you would use. Would you 
use paper? Can you see any need for this? Suppose you 
were to build a fire with shavings in the bottom of a pan. Try 
it and see what happens. Can you account for the result?. 


Now try to build a fire in your kitchen stove or in your furnace. 
What substance will you put in first? Explain. Why not put 
the coal in first? Do paper, wood, and coal all kindle at the same 
temperature? Can you see why this is so? How would you ar- 
range the damper in the pipe? How would you set the draft in 
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the front of the stove? What should one always avoid in building 
a fire? 

100. Smoke.— Smoke is unburned carbon and when 
it accumulates in a chimney, it is called soot. The burning 
of hard coal produces a minimum of smoke. The soft coal 
commonly used by railroads, steamships, and steel mills is very 
easily burned, but also very incompletely burned (Fig. 48). 





Figure 48.— THE SmoKke NUISANCE. 


Two types of combustion. One is anuisance. What causes this smoke ? 
How can it be prevented? Why should it be prevented ? 


In great manufacturing centers it is a great problem to 
keep anything clean. Explain. This condition is known 
as the smoke nuisance. In many states laws have been 
passed requiring a checking of this evil and in many places 
manufacturers have installed smoke screens which take out 
the smoke as it passes up the chimney and use its contents 
as by-products, which are in reality very valuable. How 
would you prevent the formation of much smoke in your 
furnace? Explain. © 

101. Importance of Fire in the Home. — Imagine what 
would happen if all the fires in the whole country should 
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suddenly go out and could not be rebuilt. All work of 
importance would soon stop. Why? Our food would be 
raw meat, berries, leaves, and roots. In time we should have 
few utensils such as knives, clocks, stoves, shovels, and other 
implements of work. Explain this. 


Demonstration 12: Problem: Can oxidation occur without a 
flame? 

Materials: Fine iron filings; a test tube; a glass tumbler; and 
an iron ring stand. 

Method: Moisten the inside of the test tube. Pour in some of the 
iron filings and invert it in the glass tumbler containing some 
water. Fasten tube in position 
with iron ring stand. Mark 
the level of the water on the 
inside of the test tube. Set 
aside for 24 hours. (Fig. 49.) 

Observations: Why did the 
water not rise farther in the test 
tube? What do you note about 
en Ti os ee the color of the iron filings after 

at Cause e water to rise in e 
test tube ? Does this resemble any a aie bihaet cee any 
other experiment you have already appene ped raieie c Note the 
dona Explains height of the water in the test 
tube. Can you account for its 
rise? What has probably been used up from the air? Where has 
it gone? What do you suppose has actually taken place in the iron 
filings? Do you seea flame? Do you feel heat? Has the process 
been fast or slow? 
Conclusions: What is your conclusion? Give your proofs. 





FicureE 49.— DEMONSTRATION 12. 


102. Slow Oxidation in the Home. — Slow oxidation is 
silent and is not easily noticed, but it meets us on every hand 
and causes a large part of the yearly repair and upkeep bill 
of every home. Why isthisso? Well, as you have learned, 
iron is easily oxidized when exposed to the air and moisture, _ 
Even bright copper, in time, loses its lustre. The changed 
materials are oxides of the substance oxidized. All oxides con- 
sist of oxygen and some substance with which the oxygen 
unites. Is carbon dioxide an oxide? Water? Explain. To 
prevent this slow oxidation which in iron and steel we call rust- 
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ing, we must cover the surface of the metal with something 
Which will keep out the air and moisture. (Key Picture 5.) 

In spite of such precautions, however, recent investigation 
shows that the loss from rust in this country every year is 
above $2,000,000,000 (two billion dollars). 

A paint advertisement commonly seen says: “ Save the 
surface and you save all.”” What does thismean? Explain. 
When wood rots, it means that slow oxidation has done the 
work. The painting of the woodwork of a house, shingles, 
clapboards, or any other wooden surface exposed to air and 
moisture, is the only means known of preserving them from 
destruction. 

1. Study and report upon as many examples of slow oxidation 
as you can observe in one week. 

2. Make a study of the best methods in use to-day to stop slow 
oxidation and report upon them. 

3. Name some utensils that will not easily oxidize because of 
the kind of materials of which they are made. 


103. Dangers of Slow Oxidation in the Home. — The 
oxidation of the oil in paints hardens them. In this process 
the temperature of the paint is slightly raised. Explain. 
Now it often happens that oil-soaked woolen or cotton rags 
are left about the house in out-of-the-way places. If piled in 
heaps or rolled up, the oil will slowly oxidize, the tempera- 
ture may be raised to the kindling point, and rapid oxidation 
(with its flame) will begin. Disaster to the home often fol- 
lows. Many destructive fires have started in just this way. 
It would be well for you to look about your home to discover 
if any such menace can be found. 


3. Do LrvineG Turnes Burn? 


(Key) Demonstration 13: Problem: Does oxidation occur in 
living things? 

Materials: Limewater; a small battery jar; a live fish (silver 
fish or sun fish); a test tube; one foot of glass tubing; a small 
handful of germinating pea seeds; a wide-mouthed bottle; and a 
small vial of limewater. (Fig. 50.) 
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Method: A. Pour enough limewater into the battery jar to 
cover the fish. Place the fish in this limewater for a few moments 
and watch the limewater. 

B. Put the seeds and the uncorked vial of limewater into the 
wide-mouthed bottle. Cork the bottle. After 24 hours note the 
condition of the limewater. 

C. Blow the breath 
through the glass tube into 
some limewater in the test 
tube. 

Observations: What was 
the color of the limewater 
in each case? What does 
this indicate? How is car- 
bon dioxide produced? Of 
what is it the oxide? In 
what other experiment did 
you produce this gas? What 
process will produce it in 
connection with carbon? 

Conclusions: What 
process is going on in plants, 
fishes, and human beings? 
How do you know? What 
ee Pee kind of oxidation is if? 

FicuRE 50.— (Key) DEMONSTRATION 13. Explain. Can_ nom yee 
: clude that all living things 
earry on this process? Ex- 





A, vial of limewater; B, germinating 
ea seeds; C, fish; D, E, limewater; “s 
P. glass tube; G, test tube with limewater. ae ees ess vse 
Can you see why the limewater was every living thing need? 
placed in the bottle with the germinating Can you now account for 
pea seeds? Why was this bottle closed? theheatofthebody? What 
How are the seeds, the fish, and the boy all substance must burn in the 
alike ? body to produce CO,! and 
heat? Explain. Did you 
ever breathe against the surface of a cold mirror or window pane? 
What did you notice? What other substance is given off in the 
human breath? What process probably produced it? What sub- 
stance must have burned to produce it? Answer these questions in 
your Science Discovery Book. 


1CO, is the chemical symbol for carbon dioxide, each molecule of 
which is composed of one part of carbon and two parts of oxygen. 
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104. Exercise and Oxidation. — Does exercise increase 
oxidation? Take a count of your pulse for one minute. 
Place a clinical thermometer under your tongue for two 
minutes. Note the temperature. Now exercise hard for 
one minute. Take the pulse and temperature again. What 
do you note? Do you breathe faster? Why? What caused 
a higher pulse? Did the temperature rise? Explain. 


4. How Do Livine Txuincs BREATHE? 
105. How You Get Air into Your Body. — You are now 
ready to find out how your apparatus for securing air 
actually works. 









Glass “Y" Tube 


oy Balloons 


Air Particles 


Ficure 51.— How WE BREATHE. 


Why does the air enter the balloons when the string is pulled down ? 
Account for the difference in the appearance of the air particles in each jar. 
Why does the air come out of the jar? 
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Suggested Experiment. — Secure a bell jar open at the top, a 
one-holed rubber stopper, a glass ‘‘ Y”’ tube, two toy balloons, 
some rubber tissue, a stout cord, and a small marble. Arrange the 
materials asin Figure 51. Tie the marble in the center of the rubber 
tissue. Pull down on the string. Relax uponit. Repeat. 

1. What happens to the balloons? 2. When do they fill? 
3. Why do they empty? 4. What can you say of the air capacity 
of the bell jar when the membrane is pulled down? when the 
membrane is allowed to rise? 5. Does air pressure have any- 
thing to do with the action here observed? 6. What is formed 
in the jar when the diaphragm (di’d-frim) or membrane is pulied 
down? 

Now study a: diagram of the breathing apparatus in the human 
body and find the parts of it which correspond to the parts of the 
apparatus in this experiment. Then answer the following questions : 

7. What pulls the diaphragm down? 8. What effect does this 
have on the chest cavity? 9. Why does air enter the lungs? 
10. Do you ‘suck’ in air when you inhale? 11. What makes 
thelungsexpand? 12. What makesthelungsecollapse? 13. What 
causes the ribs to rise and fall? 

Record in your Science Discovery Book what happened in this 
experiment. 1. How does a person breathe? 2. What is the ad- 
vantage of a large chest orlung capacity? 3. Why isit well to stand 
up straight? 4. What is the disadvantage of wearing tight belts or 
other tight clothing about the body trunk? 


Special Problems: 


1. To devise a method of increasing your lung capacity. 

Suggestions: (a) Determine your present lung capacity by: 
(1) measuring the circumference of your chest below the arms after 
you have taken into your lungs as much air as you possibly can; 
(2) measuring again after you have driven out all the air. The 
difference between the two measurements is your chest capacity 
(expansion). 

(b) Select some form of exercise suggested by your teacher to 
increase your chest expansion and begin to follow this daily. 

(c) At the end of the second week make measurements again. Do 
so for several weeks. Make a chart or graph showing your progress. 

2. To make a spirometer (spi-rém’é-tér) or other simple apparatus 
to test your lung capacity. 

Suggestions: (a) Secure a large water bottle, fill with water and 
invert in a shallow dish of water. Why does the water not all run 
out? 
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(6) Using your own methods work out a plan by which you can 
use this bottle of water to test the comparative lung capacity of 
yourself and two companions. Determine the average. 

(c) Work out a plan by which you can actually measure the 
amount of air you can hold and exhale from the lungs. 


106. Air and Living Things. — You may conclude, then, 
that living things need air. Animals die without it. You 
have sometimes felt the need of air in a close, stuffy room 
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FicurE 52.— Our BREATHING ORGANS, 


A, the organs in their proper position in the body. Name each part and 
give its functions. B, one group of air sacs much enlarged. C, one air 
sac still further enlarged. Note carefully each part and its relations to 
the others. Explain fully what goes on here. 


and have sought relief by moving out of the room or opening 
the windows. People who drown or those overcome with 
smoke in a burning building lack air. People who faint need 
plenty of air to resuscitate (ré-stis’i-tat) them. What is 
there in the air so necessary to human life? 

107. Breathing. — When you take in a deep breath, the 
air (oxygen) enters the air sacs of the lungs (Fig. 52). 
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All living things which can inhale and exhale (insect, frog, 
bird, and man) breathe. Breathing is the taking in of air 
(oxygen) and the giving off of carbon dioxide. The actual 
exchange of these gases through the walls of the cells (Section 
110) is called respiration. The oxygen is carried by the 
blood stream through the body. It unites with certain body 
materials to form carbon dioxide, and in so doing supplies 
heat energy so that you can move about ard do work. 
This process, oxidation, is a part of respiration. 

108. Rate of Breathing. — The normal rate of breathing 
of human beings at your age is about 18 times each minute. 
For different animals with lungs, the rate differs. Some ani- 
mals seem scarcely to breathe at all. Name one. Is it an 
active animal? Others, when hibernating, probably do stop 
active breathing. Birds breathe with great rapidity. They 
are also extremely active. We see, then, that there is a close 
relation between the rate of breathing and the natural activity 
of the animal. It follows, then, that increased activity by 
any animal means an increased rate of breathing. Explain 
this statement. What is one value of exercise? 

109. Oxidation and Living Substances. — Light and heat 
are given off in the rapid oxidation of wood. Oxidation goes 
on in rusting iron, though we neither see flame nor feel heat. 
In the body we feel heat but see no flame. Placing the hand 
on the top of the head will prove that heat is given off. Here 
we have wet oxidation because the protoplasm (Fig. 54, A 
and B) is actually used up. (Key Picture 5.) 

110. Cells, the Units of Structure. — In 1838 and 1839, 
Schleiden and Schwann, two German scientists, discovered 
by the use of an improved microscope that all living things 
are composed of minute, irregularly shaped bodies called cells 
(Fig. 53a). Each cell consists of a tiny mass of jelly-like, 
colorless matter which is called protoplasm (Fig. 53a). The 
protoplasm has a covering of living material known as the 
cell wall. In plants, the cell wall contains a substance called 
cellulose, which resembles cotton fibers in structure. In the 
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cell there is a nucleus (nii’kléis) (Fig. 53a), meaning a 
kernel. This nucleus seems to regulate all the life processes 
of the cell. It is in the cell that oxidation takes place (Key 
Picture 5). 

111. Tissues and Organs.—Some plants and animals, it 
is true, consist of but one cell, but the vast majority of living 


things consist of millions of cells. All many-celled plants and 





Figure 53A.— CELLS: THE BuILDING BLocks oF LIVING THINGS. 


Wherein are the three structures here illustrated similar? How do they 
differ? Explain. Name the parts of each type of cell. 


animals have their cells grouped into tissues (tish’tz), — 
masses of cells alike in size and shape and all doing the same 
kind of work (Fig. 53b). Again, tissues are grouped to- 
gether to form argans (Fig. 53b), such as the leaf or the 
heart. Each organ performs some important work in the 
body of the plant or animal. The whole plant or animal is 
called an organism. An organism is a living thing and con- 
sists in the case of the human organism of about three billion 
cells. How does oxygen get to every one of these cells? 
Study the figures, page 136, and discuss them in class. (Key 


Picture 5.) 
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Laboratory Exercise. — Examine under the low power of a micro- 
scope a small portion of the leaf of the Hlodea,! a water plant. Note 
the brick-like cells. You may notice the protoplasm moving about 
in the cells. What does this prove? Next peel off a very thin 
piece of the surface of one of the thin inner scales of an onion bulb. 
Examine in the same way. Note the cell walls and the nuclei (plu- 
ral for nucleus). Finally, remove a thin portion peeled from the 
under side of a tulip or onion leaf. Examine as before and note 
the tiny openings called stomata (mouths — singular, stoma). 
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FicuRE 53B.— How ORGANS ARE BUILT UP FROM CELLS. 
Explain this picture. What will a group of organs make ? 


112. Oxidation of the Cells. —Since it is the protoplasm 
that burns, you can see, then, that the oxygen must 
be brought to the cells by some common carrier and the 
wastes produced by the oxidation process must be taken by 
this same carrier to places where they can be eliminated from 
the body. This common carrier is the blood, pumped about 
the body in blood vessels by the action of the heart (Plate V). 
The red corpuscles (kér’piis-’lz) in this blood carry the oxy- 
gen to the cells and pick up the carbon dioxide and bring 


‘The Elodea is a common aquatic plant easily procured from 
bird stores and is commonly used in aquaria. A substitute for 
Elodea would be the stamen hairs of Tradescantia. 
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it back to the lungs. Where do the corpuscles pick up the 
oxygen? These tiny bodies may be compared to boats 
carrying cargoes. What is this cargo? Does it change? 
Where is the change made? 


113. How Plants and Animals “Breathe.” — Most people 
think that a plant “breathes” (Section 107) carbon dioxide 
which animals give off. Green plants use this gas, it is cer- 
tain, but they do not breathe it. Plants must have oxygen 
as well as other living things, but they get it in a far different 
way than the fish or the dog or man does. Your observation 
of the tulip leaf epidermis showed you enormous numbers of 
tiny holes called stomata (std’ma-ta). As many as 240,000 
have been counted in a square inch of the under side of an 
apple leaf. You may now get a partial clue of how the 
plant is adapted for getting oxygen. Passageways must run 
from these holes to every part of the plant. Explain. Study 
carefully the diagram of the leaf, Key Picture 16, and explain 
the use of its parts. Then explain how a plant “‘ breathes.” 
Insects breathe through spiracles (tiny air-holes) which 
occur along either side of the abdomen. From each spiracle 
a trachea (tiny air-tube) carries the air to the cells. A careful 
observation of the fish will show that it does not possess lungs. 
Is there any airin the water? How is the fish adapted to get 
airin the water? Study Figure 54 and learn how the fish and 
plant are adapted to get oxygen. 

(Key) Demonstration 14: Problem: Does water contain air (oxy- 
gen)? 

Materials: A 1000 c.c. Florence flask; an iron tripod; a square 
of wire gauze; a Bunsen burner; some water; two small battery 
jars, one containing water and a goldfish; and a glass plate large 
enough to cover one of the jars. (Fig. 55.) 

Method: Place the fiask full of water over the Bunsen flame. 
Note if any action takes place. Explain. As soon as the water 
is brought to a boil, cool it by holding the side of the flask under 
running water. After it is partly cooled pour the water into the 
empty battery jar and cover with the glass plate. Set aside until 
the water is fully cooled. Now take the goldfish from the jar where 
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Ficure 54. — How Livina Tuincs ‘‘ BREATHE,”’ 


A, muscle cell; B, simple plant celk; C, fish; D, under-surface cells of a green lea‘: 
E, grasshopper; F, amoeba, a one-celled animal; G, cross section of grasshopper. 
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it is swimming about and place it gently in the jar of Gootadt water. 
Note the actions of the fish and immediately replace it in the first j jar. 

Observations: What effect did the heat have upon the water in 
the flask? What kind of gas was in the bubbles? How do you 
know? Account for the action of the fish when placed in the cooled 
water. Account for its action when returned to the first j jar. What 
did the first jar contain that the second jar lacked? 


Florence 


<+ Battery Jar 


Wire Gauze 





Ficure 55.— (Key) DEemonstRaTION 14. 
Explain fully the use of each part of apparatus in this experiment. Why 
does the water in an aquarium have to be changed often when no plants 
are used ? 


Conclusion: Does water contain oxygen? Give your reasons. 
Write this demonstration out in full in your Science Discovery 


Book. 

A fish, then, gets its oxygen by the use of an apparatus for taking 
free oxygen from the water. This consists of four rows of gill 
filaments on each side of the head and covered with a tough flap, 
the operculum (6-pfir’kt-lim). Study Figure 54. Then describe 
she process of respiration in a fish. 


114. Deep Breathing. — The normal capacity of our lungs 
is about 330 cubic inches of air. Many persons have a 
capacity below this and few above it. Setting up exercises 
or a brisk walk will generally make one feel more alert. Can 
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you offer an explanation of this? Therefore, if you can bring 


mental, reserve, and residual air (Fig. 56). This means a 
‘constant and even supply of air in the lungs under all cir- 
cumstances, —in diving, in running, in cases where the 
breathing must be suspended for the moment. What do we 
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FIGURE 56.— Your Luna CAPACITY. 


The shadings of the drawing represent volumes of air, not distinct layers. 
Tidal air represents the volume changed in ordinary breathing; comple- 
mental, the volume changed in light exercise (walking) ; reserve, the volume 
changed in brisk exercise (hand-ball) ; and residual, the volume changed in 
violent exercise (running a mile). 


mean when we say that a person is short winded? long 
winded? What does getting your “ second wind ”’ mean? 
The extra supply of oxygen in the lungs is fatal to minute 
organisms called bacteria. 

115. Methods of Breathing. — Deep breathing is neces- 
sary to insure health and efficiency and should be done at 
regular intervals each day. Other exercises may be followed 
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with profit. Such exercises should be continued for at least 
three minutes each time and, if possible, before or near an 
open window. To discover a common obstacle to deep 
breathing place your feet up on the rungs of a chair while 
sitting in another chair. Then fold your arms tightly across 
your chest and bend forward. Try to take a deep breath. 
What is the result? What does this little experiment teach 
you? 7 

Care should be taken at all times that the breathing be 
done through the nose and not through the mouth. Check 
yourself on this. If you have difficulty in breathing through 
the nose or if you are a mouth breather, it may be that 
spongy growths, called adenoids (4d’é-noidz) (see Fig. 287), 
are forming or have formed up behind the soft palate at 
the beginning of the passageway tothe nose. Again, mouth 
breathing may be due to a cold or a catarrhal (kd-tar’dl) 
condition of the mouth and throat, clogging the nose pas- 
sageways and many times interfering with the hearing. 
This means (1) a marked reduction in the flow of blood to 
the head, (2) a loss of nervous energy, (3) inability to con- 
centrate the attention upon the work in hand, (4) a dry 
throat, (5) frequent colds, (6) earache, and (7) the inability 
to pronounce words distinctly. With constantly parted 
lips one is more subject to bacterial diseases of the throat, 
nose, and even the lungs. Explain. 

Nose breathers, on the other hand, avoid all these ills 
because (1) the nose hairs strain out the dust, (2) the mucus 
catches the dust, and (3) the air is warmed by the long nose 
passages. Nose breathing insures plenty of oxygen for the 
lungs provided the nose passages are clear. 


Demonstration 15: Problem: What is meant by artificial respira- 
tion and how is it administered? 

Materials: A member of your class and a table. 

Method: Place your patient on his stomach. Place a rolled-up 
coat or pillow under his stomach. What is the use of this? Stand 
beside the body and grasping sf sides of it in the region of the 
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lower ribs with the open hands (thumbs on top and fingers under- 
neath) press firmly down for a moment and then lift the body up 
afew inches. What will both of these movements do for the body? 








Note position of both patient and rescuer. What is the advantage of each 
position ? 





National Electric Light Association. 


What is the effect of the down thrust? What is the effect of releasing the 
pressure ? Try this for practice on a companion. 


FicurRE 57.— DEMONSTRATION 15. THE SCHAEFER METHOD OF ARTIFICIAL 
RESPIRATION. 


Observations: Write out in full your observations in this demon- 
stration. Give the advantages and disadvantages of this method. 

Conclusion: What is the meaning of artificial respiration? How 
is it administered ? 
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Practical Application: Practice this method (Schaefer) on each 
other. The results may be most practical; for you may be called 
upon to save a life and you may be successful in doing it because of 
your knowledge gained in this demonstration. 


116. Artificial Breathing. — If a gas jet has been blown 
out, allowing gas to escape intu a room in large quantities, 
or if the deadly carbon monoxide has accumulated from 
improper attention to a furnace, or again, if thick smoke 
from an unexpected fire cuts off a way of escape, the proper 
supply of oxygen is denied the body exposed to such dangers. 

Death frequently follows unless heroic measures are used. 
If conscious and able to move, the inmates should run out 
of the house at once. In case of thick smoke one should 
crawl along the floor. Why? In case of asphyxiation 
(4s-fik’si-a’shtin) by gas or smoke the rescuing must be done 
by someone who knows what to do and how to doit. After 
the rescue the first thing to do is to send for a physician. 
Meanwhile, loosen the patient’s clothing at the throat and 
chest and see to it that nothing prevents the free entrance 
of air to the mouth. Place the patient on his stomach with 
a pillow or coat rolled up beneath him and begin artificial 
respiration by the Schaefer method. (Study Figure 57 and 
answer all questions upon it/ 


5. CHANGING THE AIR IN YouR HoME 


117. The Meaning of Ventilation. — A person should have\” 
all the pure air possible, indoors or out. So we ventilate our 
homes. What does this mean? Why should one ventilate 
the home at all times? In order to know something about 
this process it will be necessary for you to build a model room. 

Suggested Experiment. — Secure or make a box 1’ long, 8” wide, 
and 6” high. Cover the top with a pane of glass 12’ by 8”. Stand 
the box on its side as shown in Figure 58, bore one-inch holes as 
indicated, and fit these holes with corks. Place three short candles, 
as shown in the diagram, and a small dish of limewater in the box. 
Now light all the candles and close all the openings in the little 


ay 
y 
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room. Note the time that the candles are lighted and watch for 
results. What happens to the candles? to the limewater? Ex- 
plain this. What time elapsed? Now light the candles again 
and leave all the holes open. ‘Time the candles as before. What 
do you now note? Explain this also. You have just now venti- 
lated the room. What is ventilation? 


(Key) Demonstration 16: Problem: What is a good method of 
ventilating a room? 

Materials: The same as above, except the limewater. ; 

Method: Set up the apparatus as in the Suggested Experiment 
above, omitting the limewater. -Keep in mind that the box rep- 







































































































































































































































































































































































FiGURE 58, — (Key) DEMONSTRATION 16. 
“a, box; b, corks; c, candles. How does this box resemble a room ? 


resents a room and that the holes are windows. Close the holes 
and light the candles. Just before the candles are about to go out, 
take out the upper row of corks in each end of the box. Observe 
the candles for several minutes. Now put in corks and remove the 
lower row of corks in each end. Observeas before. Finally, replace 
all corks and remove both upper and lower ones from one end of the 
box alone. Observe as before. 

Observations: Which candles were most affected in the first test ? 
the second test? the third? Explain. In which test did the candles 
burn the longest? Explain. In which test were distinct currents 
of air set up? Explain. Make a sketch of the model room and 
show by arrows what must have been the paths of these air currents 
which kept all the candles burning for an indefinite time. 

Conclusion: What is the best method of ventilating a room? 
Give your proofs. How could you arrange the window in your‘own 
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sleeping room to set up and maintain currents of air as indicated 
in this experiment? Try it in your own room and record the results. 


Special Problems. 

1. Observe and make a report upon the structures used by a 
fish, a frog, and an insect in breathing and how each structure 
works. 

2. Examine living cells under the microscope. Learn and report 
upon their similarities and differences. : 

3. Become an expert in the administration of artificial respira- 
tion. 

4. Study and report upon the apparatus used by divers. 

5. Organize a First Aid Club among your associates. 

6. Study and report upon the likenesses and differences be- 
tween plant and animal cells. 

(a) Secure a thin portion of the surface of a tulip leaf; a small 
portion of the thin tissue of an onion, and a few cells from the lining 
of the mouth.! Place each on a separate slide, touch a drop of 
water to each, cover with cover glass and place on stage of micro- 
scope. Examine each under the low power. How are they all 
alike? How all different? What is the essential structure in each 
cell? 


118. Free Air.— This important substance is in great 
abundance all about us. In spite of this fact, many people, 
little realizing that it is more precious to them than water or 
food or anything else, shut it out of their homes as though 
it were poisonous. Two or more hours spent in the open air 
each day, regardless of the weather, is an almost certain 
guarantee against colds, sore throats, bronchitis (brén-ki’tis), 
and kindred diseases of the respiratory system. 

119. Importance of Ventilation.” — It is only by supplying 
oneself with at least 600 cubic feet of air an hour that one’s ~ 


1The mouth cells can easily be secured by gently moving the 
edge of a sterilized knife blade across the inner surface of the cheek. 
The material which collects on the blade should then be placed on 


the slide. ne 
2 The word “ ventus”’ in Latin means “ wind.” Ventilation, then, 


is the proper circulation of aj t aroom. In this way, if the 
windows are open. a maximum a t of oxygen and a minimum 


amount of carbon “Ss found in the room at all times. 
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body can be kept at its proper condition. This means that 
the circulation of the air is absolutely essential to good 
health and good work. 
120. Pure and Impure Air. — Pure air consists of the fol- 

lowing gases in the following proportions: 

Nitrogen 78%* by volume. 

Oxygen 21% by volume. 

Carbon dioxide 0.03% by volume (variable). 

Water vapor .03 to 3% by volume (variable). 

Argon 1% by volume. 


Such air is made impure by the addition of dust, bacteria, 
other foreign bodies, and more carbon dioxide. 

121. Stagnant and Humid Air.— A far worse danger 
than impure air is air full of moisture and at rest. Exercise 
is beneficial because a fresh supply of moving air is constantly 
brought in contact with a moving-body. But in aroom where 
movement is not rapid or continued and ventilation is not 
insisted upon, the air settles down and becomes stagnant. 
A feeling of discomfort, listlessness, and suffocation follows. 

The humidity of such air also causes one to feel very warm, 
and he will perspire while sitting still because the moisture can- 
not evaporate and the body heat is prevented from escaping, 

-122. Overheated Rooms. — The great defect of the aver- 
age apartment house and home is overheated rooms, espe- 
cially if heated with steam. Profuse perspiration follows, 
with discomfort and real danger when one steps outdoors 
from a room so heated. Stepping out-of-doors, especially in 
cold weather, with the skin moist with perspiration and the 
pores open, often results in a severe cold. 

Any temperature much above 70° F. is harmful. The 
proper temperature is from 65° F. to 68° F. A factory should 
have the lowest temperature, the church and school the next 
higher, and the home the highest. Explain. Check the 
temperature of your home daily for a week and seek means 
of correcting it if it is wrong!” Will this correction have any 
effect on the coal bill? ~~ 
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123. Other Factors. — It has been found that microscopic 
particles of lung and throat tissue, called effluvia (6-f100’vi-a), 
are thrown off with each breath we exhale. These particles 
soon decompose and produce a fetid odor so noticeable in 
ill-ventilated rooms. Besides, many obnoxious (6b-ndk’shis) 
odors come from unclean bodies and unclean clothes. Again, 
carbon monoxide or coal gas is often present in rooms, though 
it may not be enough to be noticeable. Finally, the air may 
be full of dust particles laden with bacteria, many of which 
may be harmful. The result may be irritated air passages 
which make easy the contracting of colds, diphtheria, croup, 
mumps, pneumonia, and tuberculosis. 

124. Proper Air Movements. — Recent experiments upon 
students show that persons cannot stay in an air-tight com- 
partment containing still air without at once becoming un- 
comfortable. In the tests the temperature of the compart- 
ment was raised to 85° F., the air so filled with moisture 
that it formed as vapor on the inside of the glass walls and 
the carbon dioxide content of the room was raised to 4%. 
At this moment electric fans in the compartment were set 
going and the students felt immediately relieved. Proper 
movement of the air, then, by means of ventilation insures 
the proper condition of the air in any home. 

125. How to Ventilate Your Home Properly. — The 
simplest and surest method of ventilation is the opening of 
the windows and doors at times, even though a strong draft 
is set up. The draft is a sure indication that you are get- 
ting proper ventilation. There is some difference of opinion 
as to how the windows should be adjusted, but your ex- 
periment with the model room leaves no doubt that there 
should be two openings, one at some distance above the other 
on the same side of the room. The reason for the two openings 
is plainly seen. Study Figures 59a and 59b and give the reason. 

126. Systems of Ventilation. — There are two acknowl- 
edged systems of ventilation: the natural and the artificial: 
Those mentioned so far in this chapter are natural and they 
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Figure 594. — NaTtuRAL METHOD OF VENTILATION. 





FIGURE 598. — ARTIFICIAL METHOD OF VENTILATION. 


Account for the direction of the arrows in these pictures. 
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are considered by many authorities the very best. The 
artificial system works automatically after its permanent 
adjustment. The air, containing the right amount of mois- 
ture, is warmed to the right temperature and sent into the 
room by fans. The stagnant air full of impurities is removed 
through a separate opening near the floor, while the air of 
the whole room is kept in constant motion. 

In many of the schools of New York City artificial venti- 
lation is in use, but a recent report of an investigating com- 
mittee showed that there were 32% more absences due to 
respiratory diseases in the forced-draft (artificially ventilated) 
rooms than in the open-window ventilated rooms, where the 
air was kept at 68°F. It was also discovered that in the 
forced-draft rooms there were 98% more respiratory diseases 


recorded than in the open-window rooms. 


speaks for itself. a 


KEY WORDS 


This comparison 


Norse. — Do not forget what you are to do with the following key 
words. Also, remember what the ‘‘ stars ’’ mean! 


adenoids * kindling (ignition) resuscitate * 
argon point * rusting * 
artificial respiration * Lavoisier * Schleiden * 
bacteria manganese dioxide * Schwann * 
blood * mercuric oxide * Schaefer method* 
blood vessel * nitrogen * smoke * 
breathing * nucleus * soot * 

earbon dioxide * operculum * soft palate * 
cells * organs * spiracles * 
cellulose * oxidation * stagnant air * 
chemical property * oxides * stomata * 
combustion * phosphorus tissue * 
complemental air * physical property * trachea 
diaphragm * potassium chlorate ventilation * 
Elodea Priestley * natural 

gill filament * protoplasm * artificial 
heart * reserve air * wet oxidation * 
humid air * residual air * “Y” tube 


hydrogen 
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REVIEW OUTLINE 


1. Fire: Method and importance of its discovery. 

2. Air and Fire: Necessity of air to fire. Composition of air 
Part used in burning. Products of burning and their properties, 

3. Why a Fire Burns: Discoveries of Priestley and Lavoisier. Rela- 
tion of oxidation and combustion. Physical and chemical proper- 
ties of some substances which will burn. Results of oxidation. 

4. Air, Fire, and Work: Work of fire. Burning does not destroy 
matter. Physical and chemical changes involved. 

5. Oxidation in the Home: Matches; history; use. Building a 
fire. Importance and dangers of oxidation. Slow oxidation. 

6. Oxidation in Living Things: Necessity of air to living things. 
Apparatus for breathing in living things. Method of breathing 
in the human body. 

7. How Living Things Burn: Protoplasm the basis of animal 
and plant structure. The cell the unit of structure of all living 
things. Tissues and organs. Cell oxidation. How the simpler 
plants and animals ‘‘ breathe.”’ Artificial respiration. 

8. Ventilation: Meaning and importance. Pure air; nature and 
importance. Necessity of and factors involved in proper venti- 
lation. Modern systems. Open-window method the best. 


THE SUMMARY 


You have now noticed and used four summaries. Each 

‘is found at the end of a chapter. It is intended that each 

shall be a short, clear, and simple essay or story of the 
chapter, including all its essential points. 

The summary will prove an excellent review for you. 
When you read it you read the whole chapter in a page 
or two. Therefore, every sentence contains a large 
number of thoughts and facts. Can you enlarge these 
sentences and tell the whole story hidden within them? 
If you can, you will know the great truths of the chapter. 

You should be able to tell everything important about 
each of the italicized words and phrases. Here you have 
a key to the whole chapter. Use it to unlock the door to 
what you ought to know and remember about the chapter. 
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SUMMARY 


It was not until the year 1774 that anyone knew that air had 
anything whatsoever to do with fire. By the work of Lavoisier 
and Priestley we know now that fire is impossible without_ozygen, 
the part of the air which makes things burn. This gas, forming 
about one-fifth of the atmosphere, supports combustion and is kept 
in check by the large amount of nitrogen in the air. Nitrogen will 
not support combustion. 

When substances such as wood, paper, and coal Beek they pro- 
duce heat, light, a gas called carbon dioxide, and water. These com- 
mon fuels all burn at different temperatures called their ignition 
points; this fact makes them valuable to us in building fires and 
dangerous to us if they are not properly protected from fires. These 
substances when burning emit light and much heat and thus illus- 
trate combustion or rapid oxidation. They are fast changed in form 
and composition, but the substances of which they were composed 
are not destroyed. 

Oxidation in the home releases heat which is used in the prepara- 
tion of foods and the warming of the house. Such oxidation is 
generally begun by the use of matches. But with the burning of 
fuels in the home come dangers which must always be guarded 
against. 

Slow oxidation is most commonly seen in the rusting of iron uten- 
sils such as an iron kettle or a nail. An iron oxide or rust is formed, — 
but such formation may be prevented by the application of a coating 
of oil or paint, which keeps out the oxygen of the air. Dangers of 
fire from slow oxidation in the home must also be guarded against. 

Living things also burn slowly, releasing heat, carbon dioxide, and 
water. Different living things have different types of apparatus 
for securing orygen to carry on oxidation in order to release heat 
energy for work. The human body is supplied with the lungs, 
which get fresh air in and foul air out of the body. This air through 
oxidation releases heat in the body, and in so doing supplies energy 
for the various body activities. The human body is made up of 
protoplasm, cells, tissues, and_organs. Oxidation goes on in each 
cell, which is a tiny engine in itself. A large and regular amount of 
air is supplied to the body by deep breathing: This supply of air 
must be pure and free from dust and bacteria. To aid in this work 
ventilation is necessary which should keep the air always at a certain 
temperature, moist and in motion. The most healthy form of ven- 
tilation is that produced by open windows, provided no strong drafts 
are formed, the room is properly heated, and the air kept moist. 
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Remember that: 


1. Oxygen is necessary to combustion. 

2. Burning a substance does not destroy its elements. 

3. Oxidation can take place without fire. 

4, Living things burn, releasing heat energy with which they do 


5. Plenty of air is necessary if the human body is to do good 
work. 


THOUGHT QUESTIONS 


1. Why will stepping on a burning match put it out? 

2. Why will blowing on a slow fire with bellows make it burn 
faster ? 

3. Why are the products of burning substances always com- 
pounds? 

4. A boy breaks his pencil and then throws it into the fire. 
What kind of change took place in each case? How do the kinds of 
change differ ? 

5. Why is it often uncomfortably warm near the ceiling of a 
room? 

.6. Why is it dangerous to pour gasoline in a room where there 
is a flame, even though it be at the opposite end of the room? 

7. When a lamp is lighted water is found on the inside of the 
chimney almost immediately after it is placed on the lamp. Ex- 
plain. 

8. What is the disadvantage of burning gas grates or gas heaters 
in a living room? 

9. Describe briefly the differences in the apparatus used by an 
insect, fish, and man in respiration. Why does man need more air 
than either of the other two animals? 

10. Give three reasons why your sleeping room should be well 
ventilated. 

11. Hold a burning match at the top and then at the bottom of 
an open door. Explain what happens. 

12. Why should one cover with a blanket a person whose clothing 
is on fire? 

13. How does the gas coming from a fire extinguisher put out a 
fire? 

14. What must be done to make a furnace fire burn well? Can 
you now see any more clearly the importance of proper ventilation 
of the home? 

15. Name three things which will cause air to be impure. 
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BOOKS WHICH WILL HELP YOU 


What boy or girl does not love good books! Know- 
ing this, the author has taken particular care to select, 
first, the books which will fit exactly the subjects discussed 
in each chapter and, secondly, the books which will make 
interesting reading. Most of these books will read like 
an exciting story. They will tell you what is going on in 
this great and lively world about you. They will tell you 
things which you never dreamed could be so. They will 
excite your desire to know more about your environment 
and the work of the world. At all times they will be 
useful to you in solving problems and in giving you sug- 
gestions for new problems. With their help, you will be 
able to add many more special problems of your own to 
the lists furnished you in this text-book. 

Above all, read these books with a purpose. Read them 
because they give you real pleasure. Read them because 
they will give you power to know and to enjoy your world. 





BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Allen. Sweden and Safety Matches. Ginn and Co. 

Clarke. Boy’s Book of Chemistry. E. P. Dutton and Co. 
Fabre. Wonder Book of Chemistry. Century Co. 

Fisher and Fisk. Howto Live. Funk and Wagnalls Co. 
Jameson. The Flame Fiend. Allyn and Bacon. 

Jewett. Good Health. Ginn and Co. 

Mason. The Origins of Inventions. Charles Scribner’s Sons. 
Red Cross First Aid Book. Blakiston and Co. 

Weeks. The Avoidance of Fires. D.C. Heath and Co. 


1 cubic foot of water 


1 cubic foot of air 
weighs 14% ounces. 


1 cubic foot of water 
weighs 62% pounds. 
Can you see why 
there should be 
so much difference 
in weight? 


250 Ibs. 
Why so much 
pressure at the 
bottom? area of the opening of 
the 1 inch pipe than the 
bottom of the foot 
square tank? 
Would the total water pressure 
in the pipe be greater or 
less than in a pipe 
one foot square? 
How much? Explain. 





Key PicturRE 6.— WATER PRESSURE. 


Why do equal volumes of air and water differ so much in weight ? Much 
of the value of water is based upon its weight. Weight gives pressure and 
pressure gives force. Even in the washing of clothes the weight of water is 
of great importance. Consult this picture often as you study this chapter. 


152 


CHAPTER VI 


THE USE OF WATER IN THE HOME 


’Tis rushing now adown the spout 
And gushing out below, 
Half frantic in its Jjoyousness 
And wild in eager fiow. 
The earth is dried and parched with heat 
And it hath longed to be 
Released from out the selfish cloud 
To cool and freshen me. 
— Elizabeth Oakes Smith. 


How Much Do You Know about the Rain? 


Where does the rain come from? Where does the 
water come from that flows along the small streams and 
in the big rivers? Do you know where the water in your 


well comes from? What is the source of the water which 
comes from the faucet in your kitchen? Do you believe 
that you could get along without water? With the help 
of your father and mother make up a list of the ways in 
which water is used in your home. 





Some Practical Questions: 


1. Why is artesian well water usually free from pollution? 

2. Why do waters differ in taste and odor? 

3. What causes water to flow in an artesian well? in a water 
system ? 

4, What will cause the reduction of water pressure in your home? 

5. Why do people use more water now than they did twenty 
years ago? 
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Home Problem. — 1. Turn on the cold water faucet on the second 
floor of your home. While it is running have someone open a faucet 
in the kitchen. Observe the results. Explain them. 

2. Compare the flow of water from the cold water faucet at 
7 am. and at 6p.mM. Explain the difference, if any. 

3. Fill a glass of water from the cold water faucet and note if you 
see any bubbles rising in it. Drink this water at once. Note its 
taste. Take a second glass and allow it to stand over the stove 
until all the bubbles are driven out. Place in the ice-box to cool. 
Drink and compare with the first glass and explain the difference. 

Field Problem. — During a rain observe the water flowing along 
the gutter. Trace this water in its course and tell all the things 
that might happen to it on its way to the ocean. 


THE PICTURES IN THIS BOOK 


The illustrations in this book are made for you and no 
one else. They were drawn for the purpose of showing 
to you clearly what pages of text could not make plain to 
you. They do more than this. They offer real problems 


for you to solve. By trying to answer the questions under 
each picture, you will take greater interest in it because 
it will mean more to you. It will become full of life. If 
you study each picture until you understand it and can 
then tell its story, you will fix its meaning in your mind so 
that it will stay. Make full use of these pictures. 





1. WHat Makes Water Frow? 


127. Our Dependence upon Water. — Of all the factors 
of our environment which we use daily, water is the most 
wonderful, because like a magician it’can do so many different 
things. Properly controlled, it will perform much valuable 
service for man and his fellow creatures. It is so common 
that we give it little thought, yet lacking it, life would cease 
in a very short time. Why? What anxiety follows when 
city or town dwellers sometimes get a notice to draw 
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enough water for the needs of a few hours, adthe water is 
about to be shut off! What worry follows the announce- 
ment that dry weather may produce a shortage of water 
in the reservoir (réz’ér-vwor). We drink it, cook our foods 
with it, wash our clothes and bodies with it, warm our homes 
with it, carry out the house wastes with it, cool our foods with 
it, and clean our homes with it. 

128. Forms and Properties of Water. — Water as we 
commonly know it is a liquid. For this reason, as it rushes 
down a hillside, it can fit into any space open to it; it will 
take the shape of any 
container which may water ice 
be holding it, simply 
because the molecules 
of which it is com- 


posed slip and. slide ——— 
about each other and Ficure 60.— THREE Forms oF WATER. 
are not held closely to- What conditions make each form possible? 


gether. Water, because Scouse, stam i vib, bl aco 
it is liquid, will flow. here pictured. 

It also takes different 

forms. Ice, a solid, and steam, a gas, are both forms of 
water at extremes of temperature. Try to make up a list 
of the properties of water. 

129. The Sources of Water. — When you drink a glass 
of water, you think very little of its origin, — it comes from 
either the well or the faucet. If someone asked you how it 
got into the well or the faucet, you might be at a loss to know 
how to answer the question. It often rains. Rain all comes 
from the clouds. But in winter this rain may take the 
form of snow or sleet and sometimes in summer it may fall 
as hail — yet it is all water and we call the falling of any 
form of water precipitation. But where did the water come 
from before it fell as rain ? 

130. Evaporation and Water Supply. — Under the influ- 
ence of the sun’s heat, water passes off into the air through 
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the process of evaporation. The amount of water carried 
up into the sky from lakes, streams, and the ocean by this 
process is enormous. Again, the soil loses much water by 
the same process. Finally, a continual stream of water 
vapor is passing into the air from plants. 








FicuRE 61,—ERosION OF Sort Rock BY WATER. 


During heavy rains the water coming down this gorge is deeply discolored. 
Why? Small pieces of the rock here shown are also carried with the 
water. Explain. 

Even animals give off large amounts of water. But re- 
member this: It is the same water that fell a few days before 
during a rain and this same water may again fall as rain dur- 
ing the next storm, may again be used by plants, and again 
be evaporated from the soil and bodies of water. Can you 
now explain this? 


/ ‘Evaporation: the passing off into the air of a liquid in the form 
(of a gas or vapor. 
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131. Water Distribution. — It is well known that most of 
the water which comes down in a hard shower does not evapo- 
rate, and does not, because of the rapidity of its flow, have 
a chance to sink into the ground. This is called surface water 
or run-off. It carries with it particles of earth and becomes 
discolored. It is the run-off that carries away the land in 
the process of erosion (Fig. 61), and carries many minerals 





Ficure 62.— THE Work OF FLOooDs. 


What is the chief cause of such floods? How may this condition be 
changed ? 


in the soil out to sea, depriving plant life of them. It also 
builds up the lowlands and tears down the highlands. To 
prevent this destructive work is one of the greatest problems 
of the farmer. Our own government is faced every year 
with the problem of preventing the loss of millions of dollars’ 
worth of property by the destructive work of floods (Fig. 62). 
The Ohio and Mississippi rivers every spring overflow their 
banks because of an excess amount of run-off. To control 
this condition, cities along these rivers are now building 
ambankments and covering with forest trees the bare lands 
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where these streams begin. How does this practice help 
to prevent floods? 

You may well ask yourself this question: Why does water 
do such damage? How can it break down dams and carry 
away trees and houses? As a young scientist, you know 
that there is but one 
good way of answering 
these questions. That 
way is by experiment. 


(Key) Demonstration 17: 
Problem: Does water exert 
pressure upon surfaces? 

Materials: A thin board 
1 X 2 feet; a battery jar 
nearly full of water; a 
thistle tube; rubber tubing 
to fit small end of tube; red 
ink; a glass “U” tube 
about 8 inches long; a piece 
of rubber tissue about 3 
inches square; some fine 
cord; and glass tubing. 
(Fig. 63.) 

Method: Fasten the ““U”’ 
tube to the board as shown 

A, jar of water; B, rubber tubing; jin the diagram. Fill the 
C, ‘‘U"’ tube of glass; D, redinkin‘“‘U”’ tube half full of red ink. 
tube; E, scale; F, thistle tube covered Attach the rubber tubing 


with rubber tissue. “ ” 
Explain the use of each part of the ap- to enep end to) aa 


paratus here shown. Explain why the tube. The other end of the 
parts are assembled as you see them here. tubing should be attached 

to the extra piece of glass 
tubing. This in turn is spliced to the shortened and bent stem of 
the thistle tube. Finally, fasten the square of rubber tissue securely 
over the bell of the thistle tube. Now lower the membrane into the 
jar of water very gently. Watch the red ink. Near the bottom 
turn the thistle tube sideways. 

Observations: Does the depth of the bell of the thistle tube in any 
way affect the height of the column of red ink in the “‘U” tube? 
What is in the tube between the rubber tissue and the red ink? 
What causes the red-ink column to change position? Where is 





- FIGURE 63.— (KEY) DEMONSTRATION 17. 
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pressure exerted in the jar? What makes this pressure? Why does 
it differ? Is it the same, no matter in what position the bell of the 
thistle tube may be placed at any one level? What does this prove 
to you? 

Conclusion: Record your conclusion. Give your proofs. 

Practical Application: What connection has the caisson (p. 95) 
with the conclusion of this demonstration? Why can submarines 
go only to a certain depth under water? Why do divers have 
their air-lines strengthened with steel wire? (See Key Picture 6.) 



















































































































































































FicurE 64.—THE WATER CYcLeE. 


A, spring; B, artesian well; C, pond; D, rock strata; E, soil; F, cavern 
formed by water; G, bed rock. 
Explain how and why water makes a complete cycle here. 


132. Gravity and Flow of Water. — Gravity causes rain 
to fall from the clouds and to run down the hillsides with 
great rapidity and force. The weight of water gives it this 
force. This sends it down deep into the soil. Water which 
soaks deep into the soil is called grownd water. The level 
where such water is held in large quantities is called the 
water_table. This is the source of springs which bubble clear 
water from the side of a hill (see Fig. 64). When water 
flows from a spring into a house there is not much weight 
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behind the small stream running through the pipe. But 
when a large body of water has only one outlet, namely, 
an opening into a small pipe, it is like a large group of 

boys trying to get through a 

















time. There is sure to be 
crowding or pressure and some 
of them will shoot out of the 
door in a hurry due to the 
pressure behind them. Why 
is little water pressure needed 
for afew families? Why must 
there be great water pressure 
inacity? (Key Picture 6.) 
133. Town and City Water 
Supply. — Its uses in cooking, 
washing, cleaning, in steam 


Attic 


Bath Room 





FicguRE 65.— THE PNEUMATIC TANK, 


/ 

VV An efficient method of sending water where you want it in a country home. 
Try to give the name of each lettered part. Why does the water enter the 
tank G? Explain. Why does it rise in the house pipes ? 


and hot-water plants, in driving water motors, in flushing 
toilets and sewers, in cooling, in watering the garden and in 
sprinkling the lawn make the supplying of enough water to 
large cities a big problem. So many uses of water mean a 
large per capita consumption, larger than most people be- 


narrow door all at the same — 
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lieve. In Philadelphia the average daily amount used by 
each person is 170 gallons; in Pittsburgh it is 197; in 


Chicago it is 237 and in 
New York 95. Multi- 
ply 95 by 6,000,000, the 
number of people in New 
York, and you have a 
total of 570,000,000 gal- 
lons a day. How far 
would wells go in sup- 
plying this enormo 
amount of water? 

2. How Is Water Usep 

IN Your Home? 


134. House Distribu- 
tion of Water. — In most 
cases pumping water 
from a well merely raises 
it to the platform of the 
well. It must still be 
carried to the house. 
Many enterprising per- 
sons use a force pump 
to pump this water to a 
tank or reservoir in the 
attic of the house, from 
whence it flows through 
pipes to the faucets by 










IZ 


LH 




















MN 





Seat for Screw 


as 
B. Screw Type. 


Figure 66.— Two Types oF FAUCETS. 

Which do you think the better? Give 
the functions of each part. Learn how to 
repair your faucets. 


gravity. This pump may be worked by hand, windmill, gas 
engine, or electricity. A more improved method is that of 
the pneumatic tank ! system, which does not require the use 
of an attic tank. Study Figure 65 and explain it after an- 


1 Pneumatic tank: a tank containing compressed air. 
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swering all questions. The gravity system of house distribu- 
tion of water is, of course, the simplest and most inexpensive. 
But with this advantage 
goes much inconvenience, 
owing to the fact that 
generally the water must 
be piped from an elevation 
to get the proper force of 
flow and this means much 
friction, pipe repair, and 
often pipe obstructions. 
135. Control of Water . 
Flow in the Home. —; 
Every properly installed 
water distributing system 
in the home has a—stop 
and waste cock inside 
cellar wall, Why not 



























FicuRE 67. — How WATER IS SENT INTO AND ABOUT THE HoME. 
A, pavement ; B, water main; C, service pipe; D, street shut-off valve ; 
E, sill cock; F, cellar cut-off valve; G, meter; H, hot-water coil; I, hot- 
water heater; J, kitchenfaucets; K, toilet flushing tank; L, bath tub; 


M, wash bowl. Give the use of each part here shown. 


; Note how the parts 
are all connected in one system. 


outside? Where a branch runs to the heating plant, wheel 
valve is generally placed. Explain. At the point where 
the main pipe rises through the floor a second wheel_valve— 
is often placed. Why? Two turncocks are to be found on 
the pipe leading to the connection with the garden hose — 
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one inside and the other outside the cellar wall. Explain. 

- The final control is found in the faucet (Fig. 66) atthe end 

of each of the smallest pipes. Study Figure 67 until you 
understand the water distribution plan in a home. 

136. Uses of Water in the Home. — So far, you have been 

- interested in the way water gets into your home because of 

its value to you as a beverage. But the amount of water 

you drink in a year is very small in comparison with the 

amount of water you use in your home in a year. On 





© Molecule of Water 
e Molecule of Sugar 


Ficure 68.— How A SoLuTIon 1s FORMED. 


Why is water necessary ? What happens to the smallest particles of sugar ? 
Why can they not be seen in a solution ? 


page 161 we saw that in New York City 95 gallons are used 
on the average by each person each day. What is the use to 
which all this water is put? Make a list of as many uses 
of water as you can remember. Keep in mind as you make 
up your list that water is not always used alone but is often 
mixed with other substances. 

‘ 137. The Nature of a Solution.—In a cup of sweetened 
water the sugar crystals are separated by the water into ex- 
tremely small particles. After some time these particles tend 
to become equally distributed through the liquid. When 
this distribution has been completed, then you have a solu- 
tion. Sugar is a soluble substance, upon which water acts 
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as a solvent. The dissolved sugar is called a solute. Starch 
on the other hand is an insoluble substance; that is, the 
water or solvent cannot separate the particles of which the 
starch is composed, — cannot get between them and cause 
them to disappear through making them small. A solution, 
then, vs a clear, uniform mixture of a solid and a liquid which 
do not separate when filtered or allowed to stand! What really 
happens when you put sugar in your coffee? How do you 
know that the sugar is still there? (Fig. 68.) 


(Key) Demonstration 18: Problem: What is meant by “ hard” 
and “‘ soft’’ water ? : 

Materials: Rain water; glass tumbler; faucet water; soap; sev- 
eral beakers; Bunsen burner; iron tripod; and borax. (Fig.69.) 




















Fa ucet 
Water 





Soap" == Bunsen Burner 
eee ee ee ee alee 2b See ee 
FicuRE 69. — (Key) DemMonsTRATION 18. 
Explain why each part you see here is used. How is each used ? 


Method: A. Dip the fingers in some rain water in the tumbler. 
Rub them together. Note the “ feel ” of the water. This is “ soft ”’ 
water. 

B. Test some well water or faucet water the same way. What is 
the difference? This is probably “ hard ”’ water. 


‘In a similar manner gases and liquids may he said to dissolve 
in water. 
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C. Heat some soft water in the beaker and shake some soap in it. 
D. Heat some of the hard water and shake some soap in it also. 
£. Boil some of the hard water. Does it change its “‘ feel’’? 

F. Dissolve some borax in some hard water. Test with the 
soap. Note the results. 

Observations: What effect does soft water have onsoap? Dosuds 
appear in hard water as readily as in soft water? Ifascum appears 
upon the water and the suds are scanty, you may know that the 
water is hard. This means that minerals are dissolved in it. What 
effect did boiling have on the hard water? If no suds appear when 
soap is used, the water is permanently hard. If a few appear, the 
water is temporarily hard and boiling makes it soft. What effect 
does the borax have upon the hard water? How do you suppose 
it acts? 

Conclusion: What do you think is the difference between hard 
and soft water? How can you make hard water soft? Give your 
proofs. 


138. Hard and Soft Water in the Home. — The water of 
some regions is so hard that it is impossible to make suds 
with it. Thus it is difficult to wash clothes thoroughly 
with it. Soap used in hard water merely combines with 
the salts in it to form an insoluble, sticky scum. In this 
condition it has no effect upon the grease or oil in. the 
clothes, and no cleansing is possible. Homes where shard 
water is in use waste large quantities of soap. To save soap 
and to insure the maximum amount of cleansing, washing 
soda, which unites with the calcium or magnesium salts in 
the water, should be used. Thus these salts are prevented 
from uniting with the soap, leaving it free to cut the grease 
and remove the dirt. 

Care should always be taken in the use of washing sodas, 
however, as they are strongly alkaline,’ and if they become 
concentrated in any one spot in a heap of soaking clothes 
(particularly woolen), they will eat holes in the clothes and 
destroy them. Dissolving the washing powderin warm water 
before putting it in with the clothes will prevent this con- 


1 An alkaline substance is one which will turn red litmus paper 
blue. 
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centration and will make more effective the work of the 
powder. Laundries are often careless in this one point and 
the too rapid fraying and easy tearing of clothes are due to 
these powders. Borax is an even better softener than wash- 
ing powders and cannot possibly do any harm, but it is 
somewhat expensive for general laundry use. 

When hard water is used for bathing purposes, an unpleas- 
ant result is the formation of a sticky scum along the sides 
of the bath tub, which soap will not easily remove. A very 
small amount of scouring soap placed on the washcloth will 
completely remove the scum with very little work. The 
formation of this scum may be prevented by placing in the 
bath water a few drops of household ammonia and a small 
amount of borax, before using it. Explain. 

139. Cleaning of Clothes in the Home. — If water comes 
in contact with plain dirt lodged in cloth, it breaks up this 
dirt into smaller particles, separates them, and washes them 
out. But the skin, underwear, and other garments which 
touch the skin cannot be cleaned with water alone, because 
the skin is covered with oil coming from the oil or sebaceous 
(sé-ba’shis) glands, and this oil works into the clothes. Dust 

and dirt are caught by this oil and lodged in the clothing 
and on the skin. Water alone will not affect this mixture. 
Soap, then, must be used. 

On applying soap, which contains some glycerine, the 
grease is broken up into very fine droplets, each droplet is 
surrounded by a film of soap, thus forming an emulsion, and 
the water separates these droplets and carries them off. 


Find out what kinds of soap and washing powders your mother 
uses, Find out what they are composed of. Ask your mother 
why she prefers some kinds to others. Determine the good qualities 
of some of the soaps and powders and report to your class upon 
them. 


140. The Effect of Water on Foods. — Water enters 
largely into the composition of all green vegetables. Some, 
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such as lettuce and cabbage, contain as much as 95% of 
water. This water makes them fresh and palatable. 

Soaking dry groceries such as beans, cereals, and dried 
fruits in water softens them and dissolves out the dried 
juices, thus restoring some of the freshness of their original 
flavoring. Meats and vegetables when soaked in water lose 
much of their toughness. In parboiling meats, the hot water 
dissolves out excess substances, such as the salt in ham. In 
a stew, most of the flavors and juices are driven out into the 
water. This produces soup, which is partly a solution and 
partly an emulsion. Soups are nutritious (nttrish’us) and 
easily digested. Besides, they are inexpensive. 

Meats often contain bacteria. Pork may be infected 
with a small, round worm called the trichina (tri-ki’/nd), 
which, when taken into the body in meat, burrows into the 
tissues and causes pain and sometimes death. Tapeworms 
are also likely to be hidden in meat not thoroughly cooked. 
Water washes off vegetables, thus cleaning them. Boiling 
vegetables and meat in water kills the bacteria and other 
harmful organisms. 

141. Heating Water in the Home. — Hot water is now in 
many ways more essential in the modern home than cold 
water. To procure large quantities of hot water when 
needed, many devices are used, but the most common one is 
the hot-water heater. Every boy and girl should know the 
principle upon which it works. he 


(Key) Demonstration 19: Problem: How does the hot-water 
heater work? 

Materials: A piece of glass tubing 1 inch in diameter and 8 inches 
long; two rubber stoppers to fit this tube (one with one hole, the 
other with three holes); glass tubing to fit holes in the stoppers 
and bent and fitted as shown in Figure 70; a thistle tube; a Bunsen 
burner; an iron ring stand; and water. 

Method: Set up the apparatus as shown in the diagram. Fill 
the tube with water. See that the circuit is full. Gently apply the 
Bunsen flame to the lower elbow of the glass tubing. Watch for 
results. 
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Observations: What happens to the water in the circuit? Feel of 
the glass cylinder every few moments. What do you note? How 
do you explain what you observe? Feel of the tubing in several 
places. What do you find out? In the home hot-water boiler 
what corresponds to the Bunsen 
flame? Why is the thistle tube 
used? What takes the place of this 
in the house? 

Conclusion: Write out in full what 
you think is the principle upon which 
the hot-water boiler works. Give 
your proofs. Can you explain why 
the supply of hot water becomes 
greater all the time the coil is being 
heated? Explain fully. (See Key 
Picture 6.) 

Practical Application: Discover 
any other way in which the principle 
discovered here is used in your home. 


142. The Hot-Water Heater. 
— All softeners of dirt and grease 
work more rapidly in hot water. 
Explain this. Consequently, we 





Ficure 70. — (Key) DEMONSTRA- 4 
TION 19. see the great need of hot water in 


A, thistle tube; B, overflow the home of to-day. The hot- 
tube; C, glass tube; D, ring water heater (Figure 71) is com- 


stand; E, glass tube; F, Bun- 


wane balrnar. monly attached to the cold water 


supply on one side and to the 
coal stove, oil, gas, or electric heater on the other side. 
Automatic hot-water heaters are now in common use. In 
such devices a thermostat opens or closes a series of gas 
jets, thus assuring a constant supply of hot water. 

143. The Use of Water in Heating Systems. — In many 
homes the hot-air furnace fails to send heat to the rooms in 
regular and even quantities. If some substance could be 
found that could be made to flow to every room in the house 
and there give off heat, all the weakness of the hot-air furnace 
could be overcome. Knowing that heated water circulates, 
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what could be easier than to use heated water and allow 
its heat to radiate into each room through radiators? 

Demonstration 20: Problem: How is heat carried by steam or 
water from one place to another? 


Materials: A Florence flask; a two-holed stopper to fit; two 
thermometers; bent glass tubing; an iron ring stand; a Bunsen 
burner; a beaker; and water. 
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FIGURE 71.—THE Hot-WATER HEATER- 
Compare this picture with the apparatus used in (Key) Demonstration 19, 
How are they alike ? How are they different? Explain the arrows. 
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Method: Set up apparatus as shown in Figure 72. Fill flask and 
beaker each about one-half full of water. Note thermometer read- 
ings in each receptacle. Bring water in flask to boiling point and 
keep boiling with a steady, even flame. Observe the thermometer 
readings from time to time. When the thermometer in the beaker 
reads about 40° F., remove the beaker and the flame. 





FicURE 72. DEMONSTRATION 20. How Heat May BE TRANSFERRED. 


A, A’, thermometers; B, ring stand; C, flask of water with two-holed 
stopper; D, beaker; E, Bunsen burner; F, glass tubing. 

Be sure you understand just how the parts are used before you try the 
experiment. 
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Observations: Was any heat transferred from the glass to the 
beaker? What carried it over? This changing of water into steam 
is called vaporization and much heat is carried with the steam 
wherever it goes. What happened to the steam in the beaker? 
When steam is changed into water, the process is called. condensa- 
tion. Much heat is given up in this process. How do you know? 

Conclusion: Draw your conclusion. Give proofs. 

Practical Applications: What would happen if the beaker were 
replaced by a flask and the two connected so that water could freely 
return to the flask being heated? Study a steam heating plant in 
a building and determine how it works. 


144. The Steam Heating Plant. — A boiler in the cellar 
partly filled with water and capable of being heated, so that 
the water can be vaporized into steam and sent up into the 
radiators in the rooms of the house is the principal part of a_ 
steam heating plant. This steam under pressure takes heat 
with it and on reaching the radiators condenses into water, 
leaving the heat behind. The water then returns by gravity 
to the boiler to be vaporized again. Study carefully the 
diagram of this system in Chapter VIII, page 241, and be 
able to explain it. 

145. The Hot-Water Heating Plant. 31h the hot-water 
plant the water fills all the pipes and carries heat to the 
radiators, where it is given up to the rooms. The expansion 
(éks-pin’shiin) of the heated water causes it to circulate 
slowly and evenly throughout the system. At the top of the 
building an expansion tank must be connected with this 
system. Can you see why? What are the advantages of 
this system over the steam heater? the disadvantages? 
Study Figure 118 to understand this system. “a 

146. Cold Water and Ice. — In the modern home we now 
find that cold water and ice are of almost as much importance 
as hot water. 

Ice has come within recent years into such great demand 
as a preserver of foods that the natural supply is not great 
enough to meet the demand. Artificial ice has now largely 


1 Condensation: the changing of a gas to a liquid. 
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taken the place of natural ice because it can be manufactured 
during the whole year; in most cases pure spring or distilled 
water is used to make this ice. 

147. How Is Ice Manufactured? — If much heat can be 
taken out of large volumes of water in a very short time, 
ice will form. How do you suppose that this can be done? 
Why not try an experiment yourself to find out? 











Circulating Pump 





FicureE 73,—SEcTION THROUGH AN IcE MACHINE. 

Study each part carefully. See the connection between the parts. What 
brings the ammonia from the expansion coil to the compression pump ? 
Note the way the valves work. Explain. What causes the ammonia to 
turn into a spray at the spraying valve ? What happens to the ammonia as 
it expands? How does this affect the fresh water in the cans? Note the 


valves in the circulating pump. -How do they work? How is the cold 
storage plant kept cold ? 


Suggested Experiment.—Get a small quantity of ether. (Warn- 
ing! There should be no flames in the room while the ether is in use.) 
Also secure a flat cork, a watch glass, and some water. Now place 
a small quantity of water on top of the cork, set the watch glass 
on this water, and fill the bowl of the glass with ether. Cause the 
ether to evaporate by blowing the breath gently across it and then 
pick up the glass. What has happened? Pull the cork and watch 
glass apart. What do you find? What caused this result? Why 
will sprinkling the streets on a hot day cool them? Why will moisten- 


ing the face on a hot day cool one? Why will bathing a sick person 
with alcohol tend to reduce the fever? 











FicurE 744.— THE ELEcTRIC REFRIGERATOR. 


Above. The food cabinet with door of ice-unit open. Below. The motor. 
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The electric refrigerator illustrates a modern method of 
home refrigeration. Its principle is simple. You know that 
water boils ordinarily at 212° F., but that in a vacuum or 
at high altitudes (page 230) it boils at a lower temperature. 
In a vacuum, water may be 
made to boil without a fire, 
the evaporating water carrying 
away much heat. This is just 
what happens in the electric 
refrigerator. A high vacuum is 
produced in the evaporator 
by the pump, A, commonly 
placed in the \cellar. This 
vacuum causes the lquid re- 
frigerant (usually ethyl or 
methyl chloride) to evaporate 
at a rapid rate as it enters the 
evaporator, absorbing heat from 
the air in the refrigerator and 
carrying it down the pipe G to 
the condenser H in the cellar. 
Here a cooling unit (water cell, 
honeycomb radiator H, coils, or 
FicuRE 74B.— DETAIL oF ELECTRIC fan T) condenses the vapor to a 

REFRIGERATOR. liquid. Itis then pumped back 

to the evaporator through pipe B 

and valve D which opens when the pressure in the condenser is 
a certain number of pounds greater than it is in the evaporator. 

The pump and fan are operated by an electric motor (J) 
controlled by a thermostat. C marks the floor between 
cellar and kitchen and F points to a tray of ice cubes. 

A still more recent method of refrigeration requires the 
use of a gas flame— “the flame that freezes.”” Here the 
flame evaporates the refrigerant, resulting in the withdrawal 
of heat and a tiny jet of cold water condenses the gas into 
a liquid again. No motor is required in this system. 
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148. Ice Machines.— Whenever a liquid is quickly 
changed to a gas, heat is absorbed from the object nearest it. 
Ammonia is a gas, which, when liquified, will quickly evapo- 
rate, thus absorbing heat, and it is relatively cheap. The 
ice machine was, accordingly, invented to use this ammonia. 
Its principle is simple. Study Figure 73 and explain it. 

149. Refrigerating Plants.— Cold storage plants with 
their ice machines are used to preserve large. quantities of 
meats, eggs, butter, vegetables, and similar foods. Before 
such plants came into use, millions of dollars’ worth of foods 
rotted because there was no means at hand to prevent their 
decay. Nor coulda short- 
age of certain foods, when 
they were not in season, 
be avoided. 

Were it not for: the 
cold storage plant and 
the refrigerator car, little 
western beef would be 
found on the tables of 
people living in the east- 
ern states nor would the 
Florida and California 
fruits be on sale in New 
York and other cities. 

156 4Tho *Home “Re: FicuRE 74c.— evil REFRIGERATOR 
frigerator. — While hot Why does the air circulate? What does 
water dissolves sub- this circulation do for the foods? Explain. 
stances, ice congeals 
them. It prevents their melting and serves to keep them 
from spoiling. The ice in the refrigerator as it slowly melts 
absorbs the heat from the materials and air in the refrigerator. 
The result is that bacteria grow more slowly in the food ex- 
posed to such cold air. Itis readily seen, therefore, that a sav- 
ing of ice and of foods requires that the refrigerator doors shall 
not remain open a moment longer than is necessary to put 





174 The Use of Water in the Home 


in ice or put in or take out foods. Hot foods should not be 
placed in the box. Study Figure 74c and explain the prin- 
ciple of the refrigerator. 
151. The Freezing of Ice-Cream. — Many families now 
consider the house equipment incomplete without an ice- 
cream freezer. You have 
: seen people put salt on 
Pie Crank ch icy walks. The salt 
and Can in ections _Melts the ice at a tem- 
perature below the usual 
melting-point. This ice 
Can HoldsCream in melting absorbs heat. 
Now in the ice-cream 
Tub Holds Ice freezer (Fig. 75), the salt 
and Salt acts on the ice in the 
FicurE 75.— How THE Ice-CREAM same way, and in doing 
FREEZER WORKS. : : : 
its work here it requires 
Why is the can metal and the tub wood ? 
What is the use of the dash? the crank? heat. The source of 
heat here is the cream to 
be frozen. Answer questions on the picture and be able to 
explain ‘it. 







- 3. How Usep Water Is TAKEN FROM YouR HOME 


152. Water and Wastes in the Home. — Most of the 
water which passes out through the waste system contains 
impurities dissolved or suspended in it. These may come 
from the human body wastes, from soiled clothing, dirty 
hands, dirty dishes, vegetables, dust, or many other sources. 
In every case, water made impure by these things is 
dangerous. It is for this reason that a closed waste system 
must be installed in every home, if the house is to be kept 
free from dampness and disease. 

153. Simple Methods of Waste Removal. — In the coun- 
try the outside toilet is the common method of taking care 
of the body wastes. The unwholesomeness and dangers of 
this method of disposal are plain and will be discussed later. 


Simple Methods of Waste Removal 
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In some rural homes, slops and garbage are commonly thrown 
out of the back door to dry in the sun, the water Sinking into 


the ground and possibly 
contaminating a well or 
spring. There is a fear- 


ful danger in such waste = 


disposal and every per- 
son ought to know it. 
Every farm or village 
home should be supplied 
with a properly con- 
structed cesspool into 
which all wastes can be 
flushed by the use of 
an abundant flow of 
water (Fig. 76). Amore 
modern apparatus for 
the disposal of wastes is 
the septic tank. This is 
made of cement and has 
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FicurE 76.—A CESSPOOL. 


Explain the use of each part labeled. 








three compartments, all water-tight and arranged as a set 
of connecting tanks. Study Figure 77 until you under- 
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FicurE 77.—A Mopern Septic TANK FOR HoME oR SMALL Town UsE. 


In the left section the solid parts settle to bottom and decompose. 


overflow goes to middle section. 
The overflow from the third section is almost free from 


flow here is clear. 
impurities. 


The 


Further decomposing goeson. The over- 
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- 154, Waste Pipes and Traps. — One of the great dangers 
of the waste system is the sewer air which naturally rises and 





Inlet Pipe from 
Flushing Tank 


A. Toilet Bowl. 


To Roof Pipe 





Water Trap 


To Sewer 
B. Wash Bowl. 


FicureE 78.— Two Kinps oF Gas Traps IN THE House WASTE SYSTEM. 


Where is the siphon in each? What keeps sewer gas out of the bowls ? 
Where is the water seal in each trap ? 


escapes through the waste openings unless traps are used 
to stop it. Such traps are really inverted siphons and a 


seal of water keeps the gas back. 


f 


Float Valve Siphon 

















Siphon Valve 


Inlet for Water 


Figure 79.—A FLusH TANK. 


Find the siphon. When and how does 
it work ? When and how does the float 
work ? When does the inward and out- 
ward flow of water begin and stop? 
Explain. 


A vent leading from the 
waste pipe below the 
water seal leads the sewer 
gas off to a main vent 
which reaches to the roof. 
The open plumbing of to- 
day has all pipes in sight 
or easily accessible. They 
are thus easily repaired 
and kept in a clean and 
wholesome condition. 
Study Figure 78 and an- 
swer questions upon it. 

It is very essential that 
all the pipes leading from 
traps shall be short, di- 
rect, and slanting down- 
ward at a sharp angle. 
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Explain. They should also be relatively large. Explain. 
There should always be a good flow of water through them. 
Explain. Obstructions of lint and grease are most frequent 
in the wash tub outlets. If, however, all the waste wash- 





Trenton Potteries Company. 
Ficure 80.—A WELL EouiPpPpED BATHROOM. 


Why is it well equipped? Is the arrangement of the conveniences the 
best ? What are your suggestions ? 


- water, together with a little lye, is poured through these 
pipes each time a washing is done, these pipes can be kept 
clean. 

In the bathroom there must be a sudden and heavy flow 
of water to flush out the solid wastes from the toilet bowl. 
A flushing tank is used for this purpose. A siphon pipe and 
atmospheric pressure do this work and the turning of a handle 
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starts the process working. A float automatically opens 
and closes the entrance for water to fill the tank. Study 
Figure 79 and fully explain the principles involved. 

155. The Modern Bathroom. — A feature of the modern, 
refined home is the bathroom. It should be conveniently 
located, away from close contact with the living rooms, dining 
room, and kitchen. It 
should be tiled in white 
and papered or painted 
tomatch. It should be 
kept spotlessly clean 
and all fixtures should 
be frequently polished. 
The washbasin, bath- 
tub, mirror, medicine 
closet, toilet, foot tub, 
towel racks, shower 
bath, lights, and other 
elements should be ap- 
propriately placed for 
‘| convenienceand beauty. 
FicureE 81.— An ELEcTRIC OR POWER Study Figure 80 and 
: WASHING MACHINE. make suggestions for 


Note the wooden barrel with its slats and Changes. It may be 


holes. Whatis their use? What runsthe gaid that the whole- 
machine ? Note the attachment. of the someness:.and culture 
wringer. 


of any family is almost 
surely gauged by the appearance and cleanliness of its 
bathroom. 

156. Water and Work. — The washing of clothes in the 
home is now frequently done by the power washing machine 
(Fig. 81). In the washing machine, the rotary motion 
forces or plunges the water through the clothes, carrying 
with it the dirt. A plentiful supply of good water means 
great efficiency. Explain. 

The convenience, comfort, and efficiency of the modern 
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home is largely due to the plentiful water supply brought to 
it. If you enjoy this convenience in your own home, you 


can readily determine how much you depend upon it by 
asking yourself what you would do if the water supply were 


le 
| ROOF VENT 


| | AIR VENT PIPES 
1 “SET IN PARTITIONS 


SEWER AIR 
VENT 





FIGURE 82.— A MoperN House WASTE SYSTEM. 


Note how all the parts are connected, with no openings into the house. 
Account for the traps and the opening to the roof. 


to-day permanently cut off. The very thought of such a 
disaster makes you pause to consider the many benefits which 
are yours because of water’s usefulness. And you are grate- 
ful to science for making possible a pure, abundant supply. 
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10. 


i 


After each of the first five chapters you were given a 
list of Key Words taken from the chapter. These 
words were not chosen in a hit-or-miss fashion but with 
the definite aim of guiding your thinking about the 
contents of the chapter. 


You are now far enough along in the book to do your 
own selecting of Key Words. As you read, jot down 
these words and star those of especial importance. 
Then, after the chapter is completed, review your list and 
enter the starred words in your Science Discovery Book. 





REVIEW OUTLINE 


Our Dependence upon Water. 

Sources of Water: (1) rain; (2) evaporation from soil, plants 
and animals. 

Forms and Properties of Water: Gas, liquid, and solid. Color- 
less, odorless, tasteless, heavy liquid. Forms solutions, soaks 
through fabrics and similar containers. 

Water Distribution: (1) surface water and eresion; (2) ground 
water and springs, lakes and ponds, etc.; (3) ground water 
and artesian wells, ete. 


. Sources of Home Water Supply: (1) on the farm; (2) in the 


village and town. 


. House Distribution of Water: The piping system. Control of 


water flow. 


. Uses of Water in the Home in: (1) cleaning clothes; (2) pre- 


paring foods. 


. Hot water and Its Uses in: (1) hot-water boiler; (2) steam 


heating plant; (3) hot-water plant. 


. Cold Water and Ice: Pure ice and its manufacture. Structure, 


principle and care of the ice cream freezer and refrigerator. 
Relation of Water to Wastes: (1) methods; (2) waste pipes 
and drains; (3) the modern bathroom. 

How Water Does Work in the Home. 
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SUMMARY 


Water is found everywhere — in the soil, in the air, in living things. 
Through evaporation it rises into the air as vapor and through pre- 
cipitation falls as rain, following a fairly well-defined path or cycle. 
This means that the same water is used over and over again. 

When water falls as rain it rushes down the hillsides as surface 
water, causing erosion of soils and floods. Much of it sinks into the 
ground as ground water, to form springs that supply wells, ponds, 
lakes, etc. It is this ground water which forms the chief source of 
our water supply. 

Water being heavy, and a colorless, odorless, tasteless liquid, is of 
great value in the home. It takes different forms and readily makes 
solutions. It may be piped to a home from a spring or distributed - 
through the home by pipes connected with the central water supply 
system which obtains its water from pure ground water sources. 

Water, as a solvent, cleans clothes, removes stains, washes our bodies 
and our homes, and prepares foods for the table. It may be heated 
and used to warm our homes. Or it may be frozen and placed in the 
refrigerator for preserving or freezing foods. Because of its great 
weight, it is important as a flushing agent in removing solid and 
liquid wastes from the home. 

Water is a wonder worker in the home. It makes the modern 
home possible. It is, with fire, one of the two greatest factors in 


producing the civilization of to-day. 





Remember that : 


1. Water because of its form and weight distributes itself over 


the surface of the earth. 
2. The human engine must have pure water to keep it in the best 


condition. 
3. Water is one of the greatest solvents and therefore tremen- 


dously useful in the removal of dirt. 
4, Water in the form of ice is essential to the proper keeping of 


foods. 
5. Water is essential to the proper flushing of wastes from the 


home. 
THOUGHT QUESTIONS 


1. Is water safe to drink because it is clear, colorless, odorless, 


and cold? Explain. 
2. Why is it unwise to use drinking water cooled by melting 


pond ice in it? 
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3. How could you purify your home water which you suspected 
of pollution? 

4. What are some of the disadvantages in the use of hard water? 
soft water? 

5. Explain just how you would care for a cistern; a well. 

6. Why is it sometimes impossible to draw water on the second 
floor of a house? 

7. Give the advantages and disadvantages of securing drinking 
water from a spring. 

8. Why is water without soap a comparatively poor cleanser? 

9. Why is the food placed at the bottom of a refrigerator and 
the ice at the top? 

10. What are the most common causes of the stoppage of water 

pipes; of waste pipes? What method is best used in the cleaning 
of each? Explain fully. 


SPECIAL PROBLEMS 


1. Determine how the water supply is measured in your home. 

Suggestions: If you have a water meter determine its location 
and why it is so located. Study its structure from the outside. 

Note its unit of measurement. Study an account of its interior 
in a good text-book or encyclopedia. Open a faucet and then watch 
the face of the meter. Note the change. Now open two faucets. 
Is the registering twice as fast as before? Nowusethe hose. Com- 
pare the reading with that shown by the flow of the faucets. 
Determine the cost of using one faucet one hour. Does this aid 
you in realizing the need of careful use of water in the home? 

2. Determine the amount of water lost through leaking faucets. 

Suggestions: If you have a dripping faucet in your home, place 
a pail beneath it and determine how much water comes from it in 
one hour. Multiply this amount by 24; by 365. Why? If you 
have a water meter, determine what this costs you per year at this 
rate. Now determine, if you pay for your water by the year, what 
it costs your town or city at the rate of $2 for each 15,000 gallons 
wasted. 

3. Study the structure and working of the water traps and 
flushing tanks in your home. 

Suggestions: Examine the flushing tank in your bath room as to 
its position, convenience and structure. Find the ball, plunger, si- 
phon, ete. Determine how each works. Make a labeled diagram 
to show this. Note especially if your tank differs from that shown 
in the diagram. If it does differ, study the picture shown in the text 
and determine its principle before reporting upon your own tank. 
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Study the diagrams of the toilet traps. Which is in your opinion 
the best trap and why? Examine the refrigerator trap in your 
home. Make a diagram to show its principles. What seals the 
water in the toilet bowl? Would you call this a trap? Report the 
whole problem to the class. 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Butler. Household Physics. Whitcomb and Barrows. 

Clarke. Boy’s Book of Chemistry. E. P. Dutton and Co. 

Fabre. Wonder Book of Chemistry. Century Co. 

Fisher and Fisk. How to Live. Funk and Wagnalls Co. 

Gates. Farm Water Supplies. Circular 18. Massachusetts State 
Board of Agriculture. 

Hardenburgh. Home Sewage Disposal. J. B. Lippincott Co. 

Jameson. The Flame Fiend. Allyn and Bacon. 

Jones and Hartt. Priscilla Book of Fabric Renovation and Spot 
Removal. Priscilla Publishing Co., Boston. 

Lynde. Physics of the Household. The Macmillan Co. 

Mason. The Origins of Inventions. Charles Scribner’s Sons. 

Red Cross First Aid Book. Blakiston and Co. 

Simmons. Soap. Isaac Pitman and Sons. 

Tyndall. Forms of Water. D. Appleton and Co. 

Weeks. The Avoidance of Fires. D.C. Heath and Co. 
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Key Picture 7.— Community WATER SUPPLY. 


Above: A, mountains; B, mountain streams; C, reservoir; D, dam; E, sun’s heat; F, water main; G, city; H, serv- 


How do they differ? Name the two kinds of supply systems here shown. 


pes; I, sewer mains; J, sewage septic tank; K, filtration beds; L, river. 
Below: a, standpipe (reservoir); b, lake; c, pumping station; d, water table; e, main pipe line; f, service pipes. 


Compare the upper and lower diagrams. 


ice pi 
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CHAPTER VII 
THE OONTROL OF WATER FOR USE IN THE OOMMUNITY 


Water its living strength first shows 


When obstacles its course oppose. 
— Goethe. 


Did You Ever Ask Yourself How a Great City like New 
York Gets Its Water Supply? 

Do you suppose that the water pressure in any city 
water system ever varies from time to time? Did you 
ever wonder how water gets to the top of tall buildings like 
the Woolworth Building? Did you know that water supply 
systems have to be constantly guarded? Do you know 
why? Have you any idea why New York City and Los 
Angeles went hundreds of miles away to get their water 
supply? Do you suppose that cities use their water supply 
for other than drinking and washing purposes? How do 
you suppose that the city of Niagara Falls uses its water 
supply? Would you like to know something about dams 
and how they are used? Why do you hear so much about 
the saving of our forests now? Do you suppose that 
there can possibly be any relation between our forests 
and your supply of drinking water? Think this over. 
Discuss it with your people at home. 





Some Practical Questions: 
1. Why do cities (like New York) go to the mountains for their 
water supply? 
2. What is meant by water power or ‘‘ white coal ’’? ; 
3. What makes water powerful? 
185 
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4. Why is it likely that water power will be used in this country 
more and more each year? 

5. Why do you hear so much about the planting of new forests 
to-day? 

Home Problem.— Secure a strong paper bag. Fill it two thirds 
full of water. Close the end tightly. Note the sides of the bag. 
Now thrust a knitting needle through the sides of the bag a few 
inches from the bottom. Note the results. Is there any evidence 
of water pressure? What caused it? 

Field Problem. — Observe a street-sprinkling wagon at its work. 
Note where and how it is filled. Watch its control while it moves 
and note how it works. Note especially how the water is sent over 
the street. Explain the principle upon which the sprinkler works. 


1. WHERE AND How Do Towns aAnp Cities Get THEIR 
Supply oF WATER? 


157. City Water Supply. — Aside from the individual use 
of water in acity, there must be a very large amount used for 
sanitary purposes, for water power, steam engines, washing 
the streets, fountains, and so on. Besides, where great num- 
bers of people live closely together, there must be protection 
from fire loss and there must be a proper removal of wastes 
to protect the lives of the whole community. Individual 
wells are not permitted in large cities, because the contami- 
nation! of such wells is easy and epidemics? may thus be 
spread. The city, then, must furnish the water supply. 

158. Public Control of Water Supply. — Individuals are 
naturally careless of the health of the community. ‘“ What 
is everybody’s business is nobody’s business.’’ People for- 
get that every one has equal rights to health and happiness. 
It follows, then, that public control of the water supply is the 
only safe method of protecting the health of every individual 
in the community. Such care for the people has been 
well illustrated in the cities of Los Angeles and New York. 


1 Contamination: making impure or polluting of a substance used 
as food or drink. 


2 Epidemic: a disease affecting many in a community at once. 
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Other cities are fast following these excellent examples, and 
more than 4000 cities now supply their citizens with water 


from water-supply sys- 
tems. 

159. Conditions and 
Sources of Water Sup- 
ply. — The problem of 
securing good water is 
closely connected with 
the location of the city 
and its natural environ- 
ment. If the city is on 
a plain, water must be 
pumped from streams 
or artesian wells to a 
reservoir or stand-pipe. 
The reservoir is located 
above the city so that 
there may be enough 
fall to carry the water 
into all the buildings. 
If the city is in a moun- 
tainous region, the prob- 
lem is simple. Mountain 
streams are dammed and 
the supply is usually un- 
limited. Denver isa city 
using this method. Still 
other cities are obliged 
to purify the water taken 
from lakes or rivers 
often full of their own 
sewage. Buffalo and 
Cleveland are citiesusing 
this method. (Fig. 83.) 
(Key Picture 7.) 





A. Cleveland water supply. 





B. Los Angeles aqueduct. 
FicurE 83.—Two SouRcES AND Two 
METHODS OF SECURING A WATER SUPPLY. 

A, crib and Lake Erie water for the city 
of Cleveland. B, Los Angeles aqueduct 
and mountain water. 

How is the water secured in each case ? 
Which water source is purer? Why ? 
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160. Typical Water Supply Systems. —Salt Lake City 
brings its water in deeply laid pipes a distance of more 
than 40 miles across a desert. The source of this water is 
the melting snow of the mountains. The water thus formed 
is collected in reservoirs high up the mountain sides. It is 
absolutely pure and suffi- 
cient. No better tasting 
water can be found any- 
where. (Key Picture 7.) 

Los Angeles went 250 
miles into the Sierra Ne- 
vada mountains where 
it obtained control of a 
watershed at an eleva- 
tion of over 4000 feet. 
Rains and melting snows 
supply a river which has 


ee been dammed and made 
FicureE 84.— Conpuit oF THE NEw YORK jntoa large lake. From 
City WATER SUPPLY SYSTEM. 





tie : this lake tunnels pierce 

This brings water 125 miles to the city ietmpurntains ane Bice! 
from the Catskill mountains. Why is the 
surface smooth ? conduits cross the deserts 

; carrying enough water 
to supply the needs of more than 2,000,000 people (Fig. 83). 
No pumps are necessary. Explain. 

The best known and most expensive water system in the 
world is that of New York City. In 1920 the daily consump- 
tion of water was nearly 700,000,000 gallons. Accordingly, 
the city went more than 125 miles to the Catskill Mountains 
for a pure and sufficient supply. Removing a railroad and 
several towns, the city built a dam 4600 feet long and 
200 feet high across the lower end of a valley, making a lake 
10 miles long, a mile wide, and 192 feet deep, and holding 
132,000,000,000 gallons of water at an elevation of 600 feet. 
This water is brought part way in concrete conduits laid 
partly under ground. These pipes are 17.5 feet wide and 
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17 feet high (Fig. 84). At Cornwall the water is carried 
under the Hudson River by a tunnel 14.5 feet in diameter, cut 
through solid rock, 1100 feet below the surface of the river. 
This same water is carried under Manhattan and the East 
River into Brooklyn and thence to Staten Island in conduits 
11 feet in diameter, cut through solid rock 250 feet below the 
surface of the ground. The total cost of this system exceeded 
$200,000,000. This supply gives every individual in New 
York City 100 gallons of water each day. It is extremely 
pure, is chemically tested every day, and will give a sufficient 
supply for some years to come. 

The recent addition of the head waters of the Schoharie 
Creek basin and another mighty dam will supply enough 
water for 10,000,000 people. (Key Picture 7.) 

161. Securing Water Pressure. — There are three prin- 
cipal ways of securing a water supply for a city, depending 
largely upon the location of the city, namely, (1) the simple 
gravity system, (2) the pumping system, and (3) the gravity 
and pumping system. But in every system the securing 
of sufficient water pressure is the important thing, aside 
from its purity and abundance. Cities situated in flat plains, 
with no elevation near, have a problem to solve in forcing 
water to the tops of buildings. 

162. How Water Power Is Obtained and Increased. — 
Your demonstration of water pressure showed you that the 
weight of the water causes this pressure. How, then, can 
water pressure be obtained and increased for the use of power 
and irrigation projects? The answer is: By means of dams. 
A demonstration will show this in a very simple and clear 
way. 

Demonstration 21: Problem: How can water pressure be obtained 
and increased? 

Materials: A gallon varnish or oil can with the top removed; 
some small pieces of rubber tissue, one inch in diameter; water; 
an iron tripod; and a shallow dish. (Fig. 85.) 

Method: Punch three small holes with a small nail along one side 
of the ean — one hole about one-half inch above the bottom, the 
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second hole about one-half way to the top, and the third about two 
inches from the top. Pour into the can some water and as it begins 
to flow through the lowest hole, place one of the pieces of rubber 
tissue over it on the in- 
Water side of the can. Keep’ 
filling the can and as 
the water reaches the 
second and third holes 
cover them with pieces 
of rubber. When the 
ean is filled, remove the 
top piece of rubber for 
a moment; now the 
bottom piece after re- 
placing the top; now 
the middle one after re- 
a Se == el = placing the bottom one. 
“Wk= | <== Observations: What 
: oN L keeps the pieces of rub-~ 
Bee (ig oa A aber lind placer. a Wet 
happens when each of 
the pieces of rubber is 
removed? Is there any 
How a dam increases water pressure. Give the difference between the 
use of each part here labeled. distances to which the 
water is thrown and 
the directions in which the streams are thrown? How ean you ac- 
count for these differences? How is water pressure obtained and 
increased? What might you compare the front and any two sides 
of the can with? Explain. 

Conclusion: Give your conclusion seal proofs. 

Practical Applications: Most of the great power dams and water 
storage dams are of very great height, some over one hundred feet. 
Why should they be built so high? Their bases (Fig. 86) are 
very much greater than their tops. What is the reason for this 
method of construction? 
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FicuRE 85.— DEMONSTRATION 21. 


163. Dams. — Large quantities of water are impounded 
by means of dams, built to stand an enormous pressure of 
water, even during flood conditions. The foundations must 
be laid upon bed rock. Why? In some places dams are 
so built that they are in the form of an are with convex 
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side facing the impounded water. What is the advantage 
of this form? Dams must be built of heavy stone, concrete, 
and steel. Why? 
Such dams are 
well illustrated 
by the Kensico 
and Ashokan 
dams of the New 
York City water 
system. The 
Olin Bridge dam 
in the Catskills is 
119 feet wide at 
its base, 220 feet 
high, and 5660 
feet long, and 
holds back 132,- 
000,000,000 gal- 
lons of water. 

Dams enable 
the water behind 
them to exert ter- 


rific Pr eerire. Ficure 86.—Two Types of DAMS JN Cross SECTION. 


The tremendous Do the results of Demonstration 21 help you in 
weight of the understanding’ this picture? Which is the stronger 


water behind the dam? Why? 

dam forces the 

water through the conduits. At the Olin Bridge dam, the 
pressure on the whole face of the dam is estimated to be 
about 8,000,000 pounds. 

164. Cause of Unequal Pressure and How Controlled. — 
The friction of the water flowing through large pipes seriously 
interferes with the flow and force of the water. Constant 
use of water, especially at certain times of the day, reduces 
the pressure greatly. To offset this, dams are built high ta 
give great pressure and in many cases supplementary reser- 
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voirs are connected with the mains at hours when most water 
is used, or pumping stations help force it through the pipes. 
In small cities high standpipes aid in keeping up the pressure. 
Explain. 


Pumping Station 


Faucet on Each 
Floor of the House 





Figure 87.— (Key) DEMONSTRATION 22. 
Find out the use of each part of this apparatus. How does it work ? 


(Key) Demonstration 22: Problem: What are the principles of the 
gravity system and the pumping system of supplying a community 
with water? 

Materials: Rubber tubing, with a stopper to fit it; glass “‘T ”’ 
tubes; pinchcocks representing faucets; glass tubing; a small glass 
pump; a one-gallon varnish can (without stopper) with two open- 
ings, one in one side near the top, and one in the opposite side near 
the bottom, to which have been soldered short metal tubes; a board 
representing a house as in Figure 87; a ring stand; and a pan to 
hold water, 

Method: Arrange the apparatus as in Figure 87. Fill the can 
with water and open the pinchcock just below the can. Note the 
course of the water in the rubber and glass tubes. Open each 
pinchcock-faucet, keeping the others closed while one is open. Then 
open all the pinchcocks together. After the water has run out of 
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the tank, pump water into it with the glass pump. Connect the 
““water main”’ directly with the pump, and pump water through it. 

Observations: Why did the water rise in the tubing to different 
floors of the building? Where was the most force shown? Ex- 
plain. How could you have increased this force? What is the 
advantage of the pump? How does it work? Explain. What is 
the advantage of pumping water directly into the water main? 
What is the disadvantage? Explain. 

Conclusion: Explain fully the principles of the gravity and the 
pumping systems of supplying water to a community. 

Practical Application: How could a city with tall buildings in- 
erease the pressure of a gravity system? Would the reservoir have 
to be closed to make this possible? 


2. Wuy May THE WATER Suppty Be DANGEROUS? 


165. Dangers in the Water Supply. — Now the most im- 
portant reason for the construction of large and costly water 
supply systems is the desire to secure an abundance of pure 
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Ficure 88.— Some Common Country WATER Suppty DANGERS. 


Where are the dangers in this picture? Which farmer (A or B) will get 
pure water? Why? 


water. Where people live close to each other in large com- 
munities, it is impossible to secure water for all without 
constantly facing the serious danger of epidemics. The use 
of a great water supply system makes it necessary to exer- 
cise the strictest care in selecting the source of the water. 
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There are many examples of this kind of danger and its ter- 
rible results. In Plymouth, Pennsylvania, typhoid germs 
were carried by melting snow into the city water supply 
system. Over 1000 cases of the fever and scores of deaths 
resulted. Read the newspaper item below and see how im- 
portant the water supply is to our daily lives: 


1000 Are Made Ill by Impure Water 


The State Department of Health reports 
that over 1000 persons in an up-state health 
resort were made ill by the temporary chang- 
ing of the water supply source by the Water 
Board without taking precautions to see 
that this temporary source was pure. This 
supply was drawn from a lake which is seri- 
ously polluted with sewage from several 
houses and by run-off water from a large 
part of the village. — New York Times. 


All such cases prove that danger lurks in city water sup- 
plies. Most cities now employ expert chemists (kém‘ists), 
who daily analyze (4n’d-liz) samples of the water supply; 
when the least indication of contamination appears, the 
supply is stopped or is chemically treated so that the possi- 
bility of an epidemic is prevented. 

166. Pure Water. — Without pure water the lives of all 
persons are in constant danger. Impure water contains 
disease-producing impurities absorbed from the air or soil. 
Most of us little think of the extreme care used in protecting 
water from impurities in the larger towns and cities. You 
have learned that bviiing is a good way of making impure 
water safe. Explain. After standing for some time, the 
greater part of it can be poured off into clean receptacles to 
be used as needed. It must be admitted, however, that boiled 
water is insipid or tasteless, due to the driving out of the 
air by the heat. The longer it stands in a protected place 
before being used, the better it will taste. Explain. Again, 
water may be distilled! Simple apparatus for this method of 


1 Distilled: freed from impurities by being vaporized and con- 
densed. 
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purifying water may be made by anyone. Finally, filters} 
can be procured which can be attached to the faucet-or other 
outlet attached to a water receptacle. Sand, cotton, and 
charcoal are placed in these filters and strain out suspended 
matter to which bacteria may be attached. Free floating 
organisms will, however, pass through even these filters. 
Because these filters soon become full of refuse and are often 
neglected, they cannot be considered very safe. 


3. How Can A CoMMUNITY WATER SUPPLY BE MapE Safe? 


167. Pure Water Protection in the Country. — With the 
securing of pure water for the home, the problem is just one- 
half solved. This water must be kept pure. If you depend 





Ficure 89.—Goop AND Poor WELL CONSTRUCTION AND CoNnDITIONS. 


Compare the parts having similar figures in both pictures. Tell which con- 
ditions are right and which are wrong. Give your reasons. 


upon a well, it must reach the water table (see page 159). 
In all cases the proper protection of the well or spring 
from all possible contaminations is most important (Figs. 88 
and 89). Wells and springs should be encased in a water- 


1Filter: an apparatus which strains out suspended matter from 
a liquid, 
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tight cement lining and should be covered to keep out foreign 
bodies. In all cases the lining should be carried up flush with 
the well or spring platform, which in turn should always be 
above the level of the ground and water-tight. Explain. 
The surface of the ground around the spring or well should 
slope away from it and should be graveled and kept absolutely 
free from refuse, garbage, or other foreign matter (Fig. 89). 
If a spring is piped to the house, it should have a good fall 
and the pipe should be well secured in the wall of the house. 

168. Pure Water Protection in the City. — If you live in 
a city the Board of Health or the Department of Water 
Supply is responsible for the purity of the water you use. 
Besides maintaining the purity of the source, it must con- 
stantly watch the water while it is on its way to the city 
and in the city itself. The sources of the New York City 
water supply, for example, are at an elevation where very few 
people live because no agricultural lands are found in the 
mountains. This is also true of the Los Angeles, Denver, 
and Salt Lake City water supplies. 

At the Ashokan and Kensico reservoirs great aérators con- 
tinually shoot the water up to great heights (Fig. 90), thus 
mixing it with the air. This air, together with the sunlight, 
tends to kill the bacteria in the water and removes any 
unpleasant tastes and odors. Proof of this aération process 
is often noted when water is suddenly drawn in a glass from 
the faucet. The water looks milky, due to the enormous 
number of air bubbles in it. These bubbles make the water 
sweet and palatable.t The reservoirs also tend to kill off 
germs since they serve as huge settling tanks or basins, and 
allow the sun shining down upon them to kill the germs in 
the water. Furthermore, chlorine (kld/rin) gas, which is a 
strong sterilizer,? is injected into the water near the Kensico 
dam, whenever the daily examination of the water seems to 


1 Palatable: pleasant to taste. 


* Sterilizer: a substance which frees another substance from germ 
life. 
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require it. Finally, the city owns a 1000-foot marginal strip 
of land around the whole reservoir. This strip is fenced off 
and constantly guarded by New York City mounted police. 
It is these precautions which make the New York City 
water supply the finest in the world and the city itself 
absolutely free from epidemics due to water contamination. 





FicurE 90.— THE ASHOKAN AERATORS. 


This water is filled with oxygen and then sent on to New York City 125 miles 
away. What is the value of the process ? 


169. Purification of the Water Supply. — Many cities, as 
Buffalo, Cleveland, St. Louis, and Chicago, must take their 
water from rivers and lakes. They must purify this water 
to make it fit to drink. 

By a long series of experiments, Robert Koch, a German 
bacteriologist, discovered that sand was an excellent water 
filter. Used in Germany, it at once reduced the number of 
cases of cholera in Altona, which used the polluted waters 
of the Elbe River. In 1892 there were 17,000 cases of this 
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FIGURE 91.— WATER.SUPPLY 
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disease in Hamburg, while in Altona there were but a few 
scattered cases. Altona was free from the epidemic be- 
cause its water supply was filtered. . 

Many American cities have long used filters, which often 
cover acres of land. Wherever filter beds have been installed 
the death rate has at once dropped. Albany, N. Y., was at 
one time a noted typhoid center, as it took its water from the 
Hudson River polluted with the sewage of Troy, Cohoes, and 
other cities above it. Watertown, N. Y., was once of similar 
reputation because it secured its water from the Black 
River, a muddy, dirty stream. Study Figure 91 and explain 
it fully. 


4. How Is Waste Water TAKEN FROM THE 
CoMMUNITY ? 


170. The Problem of Sewage Disposal. — To insure health 
and freedom from disease, every effort should be made 
to keep the water supply free from contamination. New 
York City empties its sewage into New York Bay and while 
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Ficure 92.— How DiszAsE WAS SPREAD BY WATER. 


North Chelmsford sent its sewage into the river. Lowell, Mass., took its 
drinking water from this river. Lawrence, Mass., did the same. Both had 
epidemics of typhoid fever. Why? What was the remedy ? 


the danger is much reduced, since the sewage is carried out 
to sea, yet it is a menace to towns along the coast. Troy, 
_Albany, and Poughkeepsie empty their sewage into the Hud- 
son River, making the waters of this river extremely filthy. 
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Chicago, Buffalo, and other cities used to empty their sewage 
into lakes from which they secure their water supply. The 
death rate finally forced Chicago to build a drainage canal 
to carry its sewage into the Illinois River. Buffalo now 
draws its water from ‘cribs’ five miles out in Lake Erie 
but even so must filter its supply to be on the safe side. 

171. Dangers from Sewage. — Water is the natural car- 
rier of sewage or filth. To this filth are attached. untold 
millions of bacteria which are known to cause five different 
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Ficure 93.— Contact FILTER BEDS CONNECTED WITH SEPTIC TANK. 


Study again Figure 77 and see its connection with this picture. Note the 
layers of sand, gravel, etc. At C the sewage is widely distributed, seep- 
ing down through the filter bed and then out through E and into D in a 
clear, pure condition. What cleans this sewage water ? 


diseases — cholera, typhoid fever, dysentery, diarrhea, and 
enteritis. These diseases can be contracted by drinking 
water polluted with sewage (Fig. 83). 

172. Sewage Disposal Plants. — Most communities situ- 
ated on flat areas now use sewage disposal plants, of which 
there are several types. (1) The septic tank and underdrain 
is effective for small cities. The tank consists of several 
compartments generally made of concrete and set deep 
in the ground. The sewage is run into one end of this 
tank where it begins to be decomposed by anaérobic! (&n- 


1 Anaérobie bacteria are those that live where air is absent. 
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a’ér-Ob’ik) bacteria. They cause the sewage to become al- 
most completely liquefied. Fats rise to the top, forming a 
scum which cuts off all air, making the conditions still better 
for these bacteria which thrive best without oxygen (Figs. 
77 and 93). The sludge, or solid contents of the tank, must 
be cleaned out at regular intervals. This sludge is very 
valuable as a soil fertilizer.' (2) Contact filter beds are used 
where a very large amount of sewage must be disposed of. 








Ficure 94. — A MoperRNn STREET VAcuuM CLEANER. 


Note the brushes. These loosen the dirt. A powerful vacuum pump does 
the rest. Where does the dirt go? Explain. 


173. Community Street Cleaning.— A Department of 
Street Cleaning is the only solution of the street cleaning 
problem in a large city. Enormous quantities of water poured 
into the streets from the hydrants and through hose lines 
make the work of street cleaners effective. Some cities are 
models in this respect, especially San Diego and Salt Lake 
City. Some even use enormous motor-driven vacuum 
cleaners, which prevent the scattering of dust and disease 
germs (Fig. 94). 


1 Soil fertilizer: soil enricher. 
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More than 5,000,000 tons of dust and rubbish are disposed 
of each year in New York City. Garbage is collected daily 
by another group of men, is burned in special incinerating 
plants, its fats having been removed by chemicals for soap 
and perfumes, and its ashes used as fertilizers. Rubbish 
is collected by still another set of men and is sorted; 
part is destroyed and part is made into paper, cloth, tin- 
ware, and fertilizers. 





FicuRE 95.— A TypicAL Forest FLoor. 


A thick carpet of dead leaves and mold. This keeps in the moisture. This 
woodlot is carefully tended by the owner. 


5. Wxat Have Forests To po with Your WATER 
SUPPLY? 


174. Forests and Community Water Supply. — Sewage 
disposal depends upon an adequate water supply and an 
adequate water supply depends upon adequate forests. How 
can this be? Forest trees hold twice as much water in the 
soil as open ground covered by grass and bushes. Their 
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shade prevents excessive evaporation of water from the soil 
on hot summer days. Their roots hold the soil firmly to- 
gether and this soil holds much water. The dead leaves as 
they fall each year form a mulch or covering on the forest 
floor which helps to keep the water in the soil (Fig. 95). 








U.S. Forest Service. 
FicuRE 96.— AFTER A FOREST FIRE. 


Give some of the causes of such fires. Give some of their effects. How 
can they be prevented ? 


The net result of these things is that water is allowed to 
flow gradually and steadily from the hills and mountains 
into the valleys and community water supply systems. 
When forest areas are cut off, during part of the year there 
is little or no water flowing in the streams, especially during 
dry periods in the summer. At other times, during spring 
or after heavy rains, raging torrents pass down dry stream 
beds and cause immense loss of property and life. 

How long would New York City enjoy adequate water 
supply if the Catskill and Adirondack mountains were 
denuded of their forests? 
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On the other hand, cities on the Ohio River such as Cin- 
cinnati, and Pittsburgh on the Allegheny and Monongahela 








FicuRE 974.—A FIRE RANGER’S WATCH 
TOWER IN THE CATSKILL MOUNTAINS. 


From this tower, about 75 feet high, a 
good view is obtained of the forests and 
forest fires. How are these towers of 
value ? 


rivers are yearly sub- 
jected to destructive 
floods due in part at 
least to the cutting off 
of the forests in west- 
ern Pennsylvania. These 
cities are now spending 
millions of dollars in an 
effort to replant these 
cut-over areas with new 
trees, hoping that these 
tremendous losses may 
be stopped for all time. 

175. Forest Protec- 
tion.— The necessity for 
forest protection is plain. 
Many communities now 
own the forest areas con- 
trolling their water sup- 
ply areas. Many states 
such as New York, Penn- 
sylvania, Vermont, and 
others have set aside 
large areas of forest 
lands as state reserves. 
Numerous states have 
founded colleges of for- 
estry where young men 
may learn to become 
foresters, trained to care 
for forests and to super- 
intend their proper cut- 


ting, thinning, their protection from fires, insects, and disease, 
and: their proper planting (Figs. 97-100). 
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U.S. Forest Service. 
FIGURE 97B.— LOCATING A FIRE. 


Forest ranger locating a fire by map and alidade (a measuring instrument) 
in Striped Peak Lookout Station, Idaho. 


The Federal government has set aside 16 national parks, 
most of which are sources for large river systems, thus pro- 
tecting the water supply 
of large areas of the | ? 
country for all time. Se a | TH'S PUBLIC cAMP GROUND 
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power and water supply 
for future generations, 
the United States gov- 
ernment is now reforest- 
ing many water sources, 





U.S. Forest Service. 


: ; Ficure 98.— How You Can HELP SAVE 
especially in the Rocky Oule Howiets, 


and Sierra Nevada Fire sign on tree in Inyo National Forest. 
mountains in the West ° Colorado. 
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FIGURE 99.— SouRcES OF DEFORESTATION. 


Above: The forests’ worst enemy making an attack. 
Below: Under what conditions is such deforestation permissible ? 


The Relation between Cause and Effect 207 


and in the White and Appalachian mountains in the East. 
One of the kinds of work to-day is the providing for the 
future just as the past generations have provided for us. 
To look out only for ourselves during our own lifetime is 
selfish and shortsighted. It should be your endeavor as 
a future citizen of this great country to help in every possi- 
ble way in the work of forest conservation. 








f U.S. Forest Service. 
Figure 100.— PLantinc A New Forest. 


Crew setting out seedlings in San Jose National Forest, Idaho. 


176. The Relation between Cause and Effect. — To see 
relations between the factors of your environment gives your 
mind continual exercise and satisfaction. You already 
know that every cause has its effect; every effect its cause. 
Let us see briefly how causes and effects are related in the 
chapter just studied. 

Water is raised from the earth as water vapor by the sun’s 
heat. It falls as rain sooner or later. Its weight carries 
it down the hillsides; it forms streams which may turn 
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water wheels and machinery or supply a large city with 
water for many purposes. In every case work is done. 
In short, the sun runs our factories and furnishes us our 
drinking water. The sun’s heat raises the water and through 








U.S. Forest Service. 
FicgurE 101.— A New Forest PLANTED. 


White pine plantation, Natural Bridge National Forest, Virginia. 


the water it is transformed into motion which does work for 
us. You will be called upon many times during your study 
of science to trace the causal relations in the transformation ! 
of energy, for this is the way the work of the world is done and 
you should become fully familiar with the process. 


REVIEW OUTLINE 


1. The Community Water Supply System. 
Relation to water weight and pressure. 
Need of its public control. 
Sources and conditions determining water supply. 
Typical water supply systems (Los Angeles and New York). 


1 Transformation: a change of form. 
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2. Methods of Securing Water Pressure. 
By going to high elevations for the water. 
By pumping water to tall standpipes or reservoirs. 
By building high dams. 
3. Causes of unequal water pressure. 
4. Dangers in Community Water Supply. 
5. Methods of Securing a Pure Water Supply. 
Selection of pure sources. 
Protection of supply. 
Purification of supply. 
Methods of purification. 
6. The Problem of Sewage Disposal. 
Dangers from sewage. 
Types of sewage disposal plants. 
7. Community Street Cleaning. 
Relation to water supply and sewage disposal. 
8. Relation of Forests to Water Power and the Community Water 
Supply. 
Need and importance of forest conservation. 
Methods used to protect the forests. 
9. Relation of Cause and Effect. 
Water supply and water power due to the work of the sun. 


SUMMARY 


Water exerts pressure because of its weight. Water will thus readily 
flow down hill or even up hill through a siphon, provided the place 
to which it is flowing is lower than its source. This characteristic 
of water makes possible various types of community water supply 
systems which are essential to the health and well-being of the in- 
habitants of large towns and cities. 

The most common forms or types of water supply systems are 
the gravity system (New York and Los Angeles) and the pumping 
system. (Buffalo and Cleveland). In all systems there is a constant 
danger of pollution. This calls for careful selection of sources, con- 
stant purification, and watchful guarding of the sources and conduits. 

Connected directly with the water supply is the sewage system. 
The dangers from sewage are great and the most approved method 
of handling it is by specially constructed sewage disposal plants. 
A surface problem is that of street cleaning, which means the re- 
moval of dirt containing disease germs. The most approved method 
is to flush filth into the sewers ‘by water from the water supply 
system. 
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Provided there is sufficient water to use, dams are built to increase 
water pressure. 

Finally, regularity of water supply and water power depends on 
the forests. Forests conserve and regulate the water supply. With 
abundant forests, constant water supply is assured forever. Our 
forests must be conserved and protected at all costs. This relation 
between our water supply and the forests well illustrates the law 
of cause and effect. 

The sun gives us water to drink and to run our factories. Energy 
is transformed from the sun to the spinning wheel or lathe, and be- 
cause of this transformation man can make the factors of his en- 
vironment work together for his own good. 


REMEMBER THAT — 


It is well for you to keep in mind the big points of each 
chapter by going over the Review Outline, checking the 
Key Words, and reading the Summary. Then you are 
ready for the Thought Questions and Special Problems. 

These “Remember That —” statements, if memorized, 


will make it easier for you to solve new problems which 
are connected with the work already completed. 
Try to use these statements for your own good. 
Moreover, see if you cannot find some important thing 
‘in each chapter which the author has overlooked and 
add it to the list. This is one good way of becoming 
a real scientist. 





Remember that : 


1. Water exerts pressure upon all surfaces because of its great 
weight. 

2. Pure water can be carried long distances and be supplied to 
communities because of its weight. 

3. Water is important in the disposal of wastes known as sewage. 

4. Water when impounded behind dams has great capacity for 
doing work. 

5. The conservation of our forests is the only sure methed of 
insuring a sufficient water supply for the future. 
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THOUGHT QUESTIONS 


1. Bubbles of air as they pass upward through water get larger 
very rapidly. Explain. 

2. The water pressure in any city water supply system is great- 
est at about 3 a.m. Explain this. 

3. What are the principal sources of pollution of the streams 
near your community? Do you think this pollution necessary? 
Explain. 

4. Why should all homes be required to connect up with the 
sewer system of a community, if one is provided? 

5. What is the principle of the sand filter? 

6. Why is a septic tank better than a cesspool? 

7. Give at least five arguments for the conservation of forests. 

8. Name five ways in which you might coéperate in keeping the 
streets of your community clean. 

9. What is the advantage of storing city water in still water 
reservoirs ? 

10. Account for the fact that Cleveland, Chicago, and Buffalo 
get their water supply from lakes. Why do they go far out into 
these lakes for the source of their water? 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Blount. Health, Public and Personal. Allyn and Bacon. 
Clyde. A Drop of Water. Chemical Publishing Co. 
Fish and Fisher. How to Live. Funk and Wagnalls Co. 
Green. Principles of American Forestry. Wiley. 
Hazen. Clean Water and How to Get It. Wiley. 
Richards. Sanitation in Daily Life. Whitcomb. 
Rossiter. Romance of a Living Temple. Sully. 
Roth. First Book of Forestry. Ginn and Co. 
Winslow. Healthy Living. Charles E. Merrill Co. 
Catskill Water Supply System. Department of Water Supply, Gas 
and Electricity. New York City. 
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Key Picture 8.— HEAT AND MATTER. 


A, an iron ball; B, the ball after being heated; C, a flask of water; 
D, the water after being heated. Note the order of layers in the match. 
What goes into a fire? What comes out? What element is common to 
most fuels ? 
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CHAPTER VIII 
THE SOUROES AND OONTROL OF HEAT 


Heat with viewless fingers moulds, 

Swells and mellows and matures, 

Paints and flavors and allures, 

Bird and brier inly warms, 

Still enriches and transforms, 

Gives the reed and lily length, 

Adds to oak and oxen strength, 
Transforming what it dothinfold, 

Life out of death, new out of old. — Emerson. 


What Do You Mean When You Say a Thing Is Hot? 


What do you think heat is? Do you have any idea 
where heat comes from? Do you suppose that heat 
ever has any effect upon matter? What is the most com- 
mon way of producing heat in your own home? Would 
you like to know some of the methods by which heat is 


produced and controlled? Did you ever think of the real 
use of a thermometer in your home? The distribution 
of heat in buildings is areal problem. Did you ever think 
of it as a problem? MHave you ever heard or known of 
some of the dangers of heatinahome? You have already 
learned that heat can do work. Would you like to know 
of some of the many ways in which men make it do work? 





Some Practical Questions: 
1. If a piece of metal is pounded, it gets hot. Explain. 
2. Why does a fireplace often smoke when a fire is built in it? 
3. Coal was first called ‘‘ black rock.”” Why does it burn and 
why cannot ordinary rock be made to burn? 
213 
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4. Kerosene and gasoline are both fuels. Why is one more 
dangerous than the other? 

5. Why is the upper part of a room always warmer than the 
lower part? 

Home Problems. — 1. Hold the bulb of a thermometer for a few 
seconds between the fingers and thumb and note the column of 
mereury. Account for its action. 

2. Place the thermometer in the direct rays of the sun for some 
time, read the scale, and then place in the refrigerator. Explain 
the difference in the readings. 

3. Hold the thermometer over the top of the stove, read the 
scale, and then place in the part of the room farthest away from the 
stove. Comparereadings. Account for the differences. 

4. Give all the sources of heat you can and determine which can 
give the most even and steady heat during 24 hours. 

Field Problems. — 1. On the way to school note all the things 
you see done through the influence or power of heat. 

2. Observe all possible ways in which heat is used by men in 24 
hours. 


1. Wuat Heat Is anp How It Is Propucrep 


177. Our Dependence upon Heat. — To realize the im- 
portance of heat, you need only to think of what conditions 
would be without it. The earth would be a solid mass of 
stone and ice. No life could exist upon its surface. But, 
fortunately, the life-giving heat of summer makes possible 
the growing of plants and the reaping of bountiful harvests. 
The burning of fuels in the home and factory makes possible 
our comfort, our work, and the manufacture of useful things. 

178. What Is Heat? — This is a question which can be 
answered by working an easy experiment. | 


Suggested Experiment. — Secure a block of metal, a platform 
balance, a pair of pliers, a Bunsen burner, a Florence flask with a 
toy balloon attached to its mouth. Place the metal block on one 
platform of the scales and balance it. Now remove the block and 
heat it for five minutes in the Bunsen flame. Place it again on the 
platform of the balance. Is it lighter than before? Is it heavier 
than before? Is heat matter? Give reasons for your answer. 

Now apply the Bunsen flame to one side of the flask. What 
happens to the balloon? Account for this action. Does the heat 
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do work? What did the work in the flask? Is there transforma- 
tion of energy here? Explain. How was the heat produced? 
If heat is not matter and does work, what is it? 


179. Sources of Heat.—If you set the flask with the 
toy balloon attached to its mouth in the direct rays of the 
sun, in a few moments the balloon will become inflated 
and stand erect. The sun is evidently a source of heat. 
Explain. A second source 
is that found in chemical 
action. A little sulphuric 
acid poured upon a small 
amount of water or upon 
a little zine in a test tube 
will produce much heat, 
but no flames will appear. 
A third source is electri- 
cal energy. The heat 
given off from an electric 
light bulb is familiar to 
you. The electric heater, 
the electric toaster, curl- 
ing iron, and electric pad 
are common examples of 





heat sources. A fourth ena 
and most common source Figure 102.— Propucina FIRE BY 
of heat which can be Friction In Woop. 


controlled or regulated is One stick is rapidly revolved against 
found in the chemical another. What must be used to catch 
; the spark ? 

process of burning wood, 
coal, gas, or other substances containing the same fuel ele- 
ments. Without this means of releasing heat our present 
advanced civilization would probably have been much de- 
layed. (Key Picture 8.) 

180. Methods of Producing Vice. — To start a fire the 
pioneer was obliged to strike flint and steel together, pro- 
ducing a spark which ignited some dry, gauze-like material 
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called tinder. From this tinder a candle was lighted and 
from the candle the fire was lighted. 

To-day we start a fire easily by the use of a match which 
is constructed on the principle that different substances 
ignite at different temperatures. Explain. The phosphorus 
match, however, has been the cause of unnumbered deaths 
and the destruction of millions of dollars’ worth of property 
every year in this country. It is estimated that in this 
country above 500,000 tiny flames are started with matches 
every minute in the day. Every flame may mean a serious 
fire. To counteract this danger, the safety match has now 
come into common use and the fire losses from this source 
are being gradually reduced. Explain the safety match. 
Give several. possible causes of the accidental igniting of 
matches and the setting of fires. (Key Picture 8.) 


2. How Heat Acts upon MAtTTerR 


(Key) Demonstration 23: Problem: What effect does heat have 
upon liquids, gases, and solids? 

Materials: A flask, a, fitted with glass tube and one-holed stopper 
as in Figure 103; a piece of wood with iron strap fastened to it, b; a 
flask, c, with toy balloon attached, as in the previous experiment; 
a Bunsen Burner; an iron ring stand; and a copper strip. 

Method: A. Fill flask a with water and insert the cork and tube 
so that water is forced halfway up the tube. Heat the bottom of the 
flask with the flame and watch the water in the tube. 

B. Hold the iron strap over the flame for afew moments. Note 
result. Replace iron strap by copper strip. Heat. Note result. 

C. Treat flask c with heat as in the previous experiment. Note 
what happens to the balloon. 

Observations: What caused the water to rise in the tube? Was 
there any more or any less water in the tube after applying the heat ? 
How could this water occupy more space? Was the iron longer 
after heating than before? Did the copper lengthen still more? 
Was there more air in the balloon after heating than before? Explain. 

Conclusion: What is the effect of heat upon matter? 

Practical Applications: Explain why heated air circulates in a 
room. Why must an expansion tank be used in a hot-water heating 
system? Why is a space left between the ends of rails in a track? 
Why are automobile pistons never made of copper? 
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181. Heat and Molecular Action. — Scientists now know 
that all matter is made up of invisible particles called mole- 
cules (m6l’é-kiilz). We do not know the shape of the par- 
ticles of matter or the extent of the spaces between them, but 
if we could imagine them enormously magnified they might 
be supposed (for the sake of illustration) to look something 
















































































































































































































































































Ficure 103.— (Key) DEMonsTRATION 23. 
Give the function or use in the demonstration of each part labeled. 


like the objects seen in Key Picture 8, Aand B. Each parti- 
cle we shall call a molecule of iron (Fe). It is now fairly 
easy to see how the whole mass of iron can expand or increase 
in size, if we understand that heat makes the molecules move 
away from each other. By this movement the spaces be- 
tween the molecules are increased and we say that the sub- 
stance expands. Really, nothing gets larger. The substance 
simply occupies more space now because all the parti- 
cles composing it are farther apart. What do you suppose 
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happens to these molecules when iron melts and runs? What 
happens when water is turned to steam? (Key Picture 8.) 


3. How Heat Is RELEASED FROM FUELS 


182. Early Heating of Homes. — The Romans heated 
their houses by means of a hypocaust, consisting of small 
rooms under the house in 
which fires were built and 
which were connected by clay 
conduits to the rooms above 
(Fig. 104). The early English 
homes had a hole in the roof 
and the fire in the center of 

Fisur# 104\Tue Romane the floor (Fig. 105). Finally 
Hypocaust. someone thought of building 

What is the function of aandofb? a chimney at one end of the 

Explain the direction of the arrows. : 
Why was this system a poor one ? Seetena ane ae .. 
How was this method of heating a great improvement? 
This chimney was enlarged to a fireplace and came down 
to our forefathers with little: change (Figs. 107a and 107b). 

The first stoves were used in this country about 50 years 
before the Revolutionary 
War. In 1742, Benjamin We 
Franklin invented a stove pS: 5 Se 
called the “ Pennsylvania 
Fireplace” (Fig. 107c). 
This was a marked im- 
provement over all pre- 
ceding heating devices 
and made Franklin one of 
the greatest benefactors 
of mankind. For the first Figure 105.—TuHeE Earty ENGLISH 
time in history the living |, rere STP 
room and some adjoining plain the direction of the arrows. 


Was ventilation insured ? Explain. Was 
rooms of a home could be _ this a good heating system ? 
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heated so that they were fairly comfortable in winter. Be- 
tween 1825 and 1835 the first stoves for the burning of 
hard coal were invented. 
From that day to this the 
principle of heating a 
home has been funda- 
mentally the same, but 
the improvements have 
been marked and numer- 
ous. But what makes it 
possible for us to get heat Ficure i06.— Later Heatina System. 
from certain substances What was the advantage of this system 
Ded bnraaniiiein ted hires? over that shown in Figure 105? Explain. 
183. Heat from Oxidation of Fuels. —It is found that 
only certain substances will oxidize with a steady, continuous 
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FicuRE 107A. — AN OLD-FASHIONED FIREPLACE. 

a, bellows; b, tongs; c, poker; d, crane, e, pot; f, oven; g, flue; 
h, andirons; i, shovel; j, hearth; k, firebrick sides and back; O, oxygen; 
HO, water; COs, carbon dioxide. 

Tell the use of each part and explain the presence of O, H2O, and COs. 


e 
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flame and with even heat. Iron, glass, granite, and similar 
materials will not so oxidize under ordinary temperature 
— some of them will not burn in any temperature, no matter 
how high. All fuels in order 
to burn readily must possess 
the fuel elements — carbon 
and hydrogen. Either one 
or the other or both are 
always present in hard and 
soft coal, wood, peat, coke, 
kerosene, charcoal, gasoline, 
tallow, etc. For this reason 
carbon is sometimes called 
the central element of the 
universe. 
184. What is a Fuel? —A 
fuel_is_any substance which 
Ficure 107s.—Twe Fireprace in contains the fuel elements and 
Cross SECTION. burns readily, producing a. 
What . me use of tect large amount of heat at a rel- 
beens eats neta atively low..cost. Wood Mee 
used almost exclusively as a 
fuel from the dawn of history down to the year 1820.: 
When heated to a certain temperature, it gives off a gas, 
which burns readily. It is the burning of this gas which 
produces the flame and intense heat. Wood comes from 
trees, which were once alive and composed of parts called 
organs. Strange to say, coal, kerosene, peat, and gasoline 
are all fuels having an organic origin — that is, they were 
all at one time a part of some living thing, either plant 
or animal. 
Charcoal made by the destructive distillation! of wood 
burns without a flame and gives very intense heat. In what 








1 Destructive distillation: driving off of gases from solids by heat 
in an air-tight retort. 


x 
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ways is charcoal used to-day? Coal burns slowly and, of 
all fuels, requires the least care. For this reason coal fires 
can be kept over night, warming the house evenly. Such 
fires will burn for long periods of time with reasonable care 
and are often never extinguished during a whole year. 

185. Classes of Fuels. — Fuels may be classified roughly 
into solids, liquids, and gases. All three forms are now used 
in the home to prepare : 
foods, to heat water, 
and to warm the home. 
Coal as a solid fuel is 
important because of its 
great heat value and 
its comparative safety. 
It may be classified into 
ti’mi-niws) and hard or 
anthracite (an’thrd-sit). 
The soft coal is used 
mostly on railroads and 
in factories; the hard Ficure 107c. —THE PENNSYLVANIA 
coal in heating homes, FIREPLACE. 
although, due to strikes, This was a real stove. Note the draft 
people are fast learnin g Se ae mee was this better than 
how to use soft coal in 
the home. What areits drawbacks? Kerosene and gasoline 
are produced by refining the petroleum nearly always found 
near coal beds. Petroleum results from the slow decom- 
position of vegetable and animal matter. Coal gas is made 
by distilling soft coal in air-tight retorts. Much carbon is 
found in this gas, which accounts for its burning with a 
luminous flame. 

186. Heat Values of Fuels. — The unit for determining the 
heat value of any given amount of fuel is called the Calorie 
(k&l’6-ri), which is the amount of heat required to raise 
one kilogram of water 1° Centigrade. Sometimes the British 
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thermal unit (B. T. U.) is used; it is the amount of heat 
needed to raise one pound of water 1° F. The heat value 
of any fuel is measured by the use of the calorimeter (kal’6- 
rim/é-tér). The rise in temperature is determined by a 
thermometer. The heat values of several fuels are given 
below. 











British THERMAL UNITS 


CALORIES PER PouND See wEAGD 


Carbon tha + tee 3,672 14,544 


Hydrorvent +92. eae 15,664 62,932 
WoodtOaki | juecem 2,100 8,316 
@harcoal seer. een 3,227 12,780 
Peatee Go. SS: 1,800 to 2,300 7,200 to 9,000 
CoalfSotth |): 3 . cme 3,000 to 3,600 11,700 to 14,400 
CoalaElard tae. m-nes 3,400 to 3,700 13,500 to 15,300 
Petroleumiyaee seins about 5,000 about 20,000 











It can be seen from this why hard coal is in such favor 
among us. But how long will the supply of coal last? 

187. Coal Production and Supply. — In 1820, 365 tons 
of coal were mined in the United States. In 1920 about 
1,000,000,000 were mined. Much waste occurs in the 
mining of coal, actually only about 40% of the coal being used. 
At the present rate of mining coal, it is estimated that 
in about the year 2030, or in 110 years, our anthracite 
coal supply will be exhausted (Fig. 108). Of course, there 
are untold masses of it in Alaska, Siberia, and in other 
remote places, but the cost of mining and transporting 
may make its use almost prohibitive. For the present, 
fuel oil is rapidly coming into general favor. Special appa- 
ratus for the vaporizing and oxidation of fuel oils is now 
manufactured ; it can be attached to any make of furnace. 
An even and intense heat automatically controlled is devel- 
oped in these oil burners. They are clean and efficient. 
How they work can be learned by a careful study of Figures 
109a and 109b. 
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Gas has recently won favor as a furnace fuel. A series 
of gas jets displace the furnace grate and their operation is 
automatically controlled by a thermostat. This method 
provides an even heat and is simple and clean in operation. 


PETROLEUM 


INOUS 
REMAINING ns 


BITu ANTH! 
REMAINI REMAINING 
5,814,000,000,BBLS 1510,000,000,000;70 17,000,000,000, TONS, 


COAL MINED IN A YEAR 
AND HOW WE USE IT 
650,000,000, TONS 











Scientific American. 
Ficure 108.—QOur Coat AND OrL RESOURCES. 


How much coal and oil have we used? How much have we left? 


4. How Heat Is Usep AND CONTROLLED IN THE HoME 


Demonstration 24: Problem: How is a stove built to burn fuel? 

Materials: A Bunsen burner. 

Method: Light the Bunsen burner, allowing the smallest supply 
of gas that will produce a flame to enter. Turn on more gas. 
Note the effect upon the flame. Close the vent in the burner. Note 
the effect upon the flame. Open the vent in the burner. Note the 
effect upon the flame. 

Observations: How can you increase the size of the flame? When 
do you get the most light with your flame? the least light? When 
do you get the least heat? the most heat? Can you explain 
the use of the vent? Why does the flame burn with the most heat 
when the most air is allowed to enter? The air simply pushes the 
fuel elements apart so that the oxygen can reach them. What do 
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you suppose causes the luminosity! (li’mi-n6és/i-ti) of the flame? 
You can probably prove this by testing the flame when luminous 
and non-luminous with a piece of heavy white cardboard. When 
do you get the most carbon deposit? What doesthis mean? Now 
find, in Figures 110b, 112a, and 112b, structures corresponding to 
the vent in the burner. In the gas or coal stove in your home, 





The May Oil Burner Co. 
FicuRE 1094.—A Mopern O1L Burner. 

Note the location of the tank. Explain. The machine in front of the 
furnace vaporizes the oil, and blows it into the fire-box where it is oxidized 
by an electric spark. The heat is intense. Why? What are the advan- 
tages of this method of heating? Has it any disadvantages? Explain. 


how is the flame controlled? How are stoves built to control it? 

How is the coal stove built to conserve the heat? How are the 

wastes removed? How are the dangerous gases eliminated? 
Conclusion: How is the stove in your home built to burn fuel 


properly? Can you suggest any improvements? Write up in full 
in your Science Discovery Book. 





1 Luminosity: light-giving power. 
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TRANSFORMER __ 


ELECTRODES 





The May Oil Burner Co. 


FicurRE 1098.— PARTS OF THE OIL BURNER. 





The Florence Stove Company. 


FicuRE 109c. — THE KEROSENE STOVE. 
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188. The Modern Stove. — The first cook stoves were used 
in the United States. In 1835 the Stanley rotary stove was 
first made (Fig. 1lla). Then followed the Yankee cook 
stove (Fig. 111b). The modern cook stove in which wood 
or coal can be burned 
differs from all stoves 
preceding it in that its 
oven is directly behind 
the fire pot and is sur- 
rounded on three sides 
by what is called a diving 
flue. In an attempt to 
use the old and the new 
together the range was 
invented, so arranged 
that it might be used in 
connection with the old fireplace. Now it is used where 
space must be economized, generally with but one oven door 
placed on the outside (Fig. 112b). The round stove used for 
heating country homes is shown in Figure 112a. 

In many homes a kerosene stove is used for the family 
cooking and heating. Figure 109c shows its essential parts. 
Its principle is similar to that of the Rochester burner lamp 
(Figure 140, page 272) except that in the burners pictured 
here there is no real wick, a circular piece of asbestos taking 
its place. By turning the handles (D) the burners (C) are 
lowered or lifted either below the oil level in the tank (A) 
or above it. When below, the oil rises through the burner 
(in seeking its own level) by means of the feed pipes (B) and 
soaks through the asbestos. It is then lighted and gives 
an intense heat for cooking or heating. When raised, the 
burner goes above the oil level and the flame gradually dies 
out for lack of oil. The oil is fed gradually into the pipes 
from the tank by means of a valve. 

Gasoline stoves, with a high factor of safety and operating 
on much the same principle, have recently come into favor. 





FicureE 1104.— DEMONSTRATION 24. 
A BuNSEN BURNER. 
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Then, too, gas stoves are now on the market supplied with 
gas, under pressure, from portable tanks, brought to the 
house and connected with a feed pipe line. 


Ordinary Burner 











Simmering Burner 
Giant Burner 


Gas Supply Gas Mixers 


Pipe 





Gas Supply 
Pipe 


Gas Cock— 





—> FF ---> FF 
‘ wih eae 
= a = 






Gas and Air Mixed 
in Feed Pipe 


Gas Entering 
Mixer 









Air Entering Mixer 
FicureE 1108. —A Gas Stove (ToP ABOVE AND ONE BURNER BELOW). 


Compare this picture with Figure 110a. Show their likenesses and differences. 
Explain the use of all parts here. 


189. Heat from Electricity. How and why does an 
electric current give off heat? You can solve this problem 


without help from anyone. 


Suggested Experiment. — Assemble two dry-cell batteries, some 
insulated copper wire for connections, an electric button or key and 
some fine iron wire (No. 28). Connect the dry cells with the large 
wire so as to make a complete 
circuit. Connect in the switch. 
Now complete the circuit by 
pressing the button or key. How 
does this affect the wire? De- 
tach the large wire and attach 
fine wire across two termi- 2 
nals. Close the circuit and Ficure 1114.—A STANLEY Rotary 
wateh this fine wire. What STOVE. 
happens? What. made the How was this an improvement over 
difference? Upon what does the Pennsylvania fireplace? Why is 
the amount of heat given off this a poor stove? 
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seem to depend? What do you think causes 
an electric current to give off heat while 
passing through a wire? 











190. The Electric Heater. — In every 
electric appliance used for the giving off 
of heat the principle is exactly the 
same. If you examine an 
electric toaster used to give 
bread a delicate brown in 
toasting, you will 
find many coils of 
fine wire in its cen- 
ter. These coils offer 
= resistance! to the 


Figure 1118. —THE YANKEE STOVE, electric current and 


How was this an improvement over the Stanley become red hot giv- 
stove ? Explain. ; 

















ing off much heat. 
The electric curling iron, heater, pad.and other electric 
utensils are all made up of coils of fine wire. The same kind 
of coils are found under the seats in a trolley car, put there to 

















FicuRE 112a.—TuHE Rounp Stove. 
How is this stove like a Bunsen burner? Give the use of each part labeled. 


1 Resistance: the reducing of a current of electricity by a wire.” 
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heat the car; they are also found in rheostats (ré’6-stats), 
which offer resistance in a line and prevent the overloading 
of the lights or carbons in a stereopticon or in a moving pic- 
ture machine. Kitchen electric ranges for the cooking of all 
foods are now on the market. The time may come when 








Warming Shelf 


Griddles 


Smoke Pipe 
or_Covers Oven Damper 


Hot Water Tank 









Temperature 
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Circulation 
u Of Heat about 
i Fire Box e.Oven 
Oxygen’ (Air) Grate Door through which 


Ash Pit and Pan Flues are Cleaned 


FicurE 1128. — THE RANGE. 


Compare this picture with 112a. Give the ways in which the two stoves 
are alike and different. Study each part and find out its use. Explain 
direction of arrows. 


most homes will be heated and all food cooked by electricity 
generated by waterfalls miles away. We shall be heated 
by the sun. Explain. 

191. The Work of Heat in the Cooking of Foods. — In 
the preparation of different foods, different temperatures 
must be used. The following simple table may be of some 
use to you in the home and may give you a basis for com- 
parison. 

A thermometer may be placed just inside the oven door. 
In improved stoves, either a metallic temperature indicator 
is set in the oven door or a heat regulator is attached to the 
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gas stove. In pasteurizing milk a thermometer without a 
wooden back is used. 





Deerees F. | Decrezs C. 


Oven temperature for baking: 
Sponge cake, cookies, bread, gingerbread, ete.| 350-400 175-205 


Pastry. Wee te. el on 8 tees eet oR Ses DO —OD0 230-290 
Biscuits . . 3 GY Seite oe |= 400—450 205-230 
Custards and puddings SP ee eee ete ot ZOU BOO 120-175 
Melting point for: 

Sugar sirup in making walnut brittle, ete. 315 155 
Sugar sirup in making taffy and hard candies 300 150 
Sugar sirup in making fudge . ... . 240 415 
Pasteurizine nities een ne eee 145 65 








192. Factors Controlling the Cooking of Foods. — The 
boiling point of water is 212° F., provided it is boiled at sea 
level. But at Denver, Colorado, water boils at about 203° F. 
because Denver is at least 5000 feet above sea level and, as 
you know, the atmospheric pressure decreases as the alti- 
tude increases. 

In places of high altitude pressure cookers are used 
to raise the boiling point of water so that foods can be 
easily and quickly cooked. The kind of kettle used and the 
presence of salt and other soluble materials also raise the 
boiling point of water. Explain. 


5. How Hnuat Is Distriputep In THE HomE 


193. Heat and Temperature.— Our bodies are not true 
or reliable indicators of the degree of heat in a room. To 


which measures the heat intensity. The unit of feranor 
ture is the degree (°). Heat that will affect the ther- 
mometer is called sensible heat. It is this heat which you 


_feel when you enter a heated room. 


History of the Thermometer 
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On the other hand, when we speak of heat, we think 


of the amount of it in any given space or object. 


come to the comfort and enjoyment 
of our living rooms, we are most 
interested in their temperature. 
With a moist air 68° F. is quite 
warm; with less moisture 70° F. 
might be more satisfactory. A cor- 
rect thermometer is the only safe- 
guard, and every home should be 
well supplied with at least one for 
each floor. 

194. History of the Thermome- 
ter. — Heat measurers were first 
constructed by Galileo in 1592. 
Before this date the determining 
of temperature was purely a matter 
of bodily sensation. If a surface 
or body of air was below the body 
heat, it was cool; if above the body 
heat, it was warm. In 1714 Fahren- 
heit developed the scale thermome- 
ter and placed upon it 32° as the 
freezing point of water and 212° as 
the boiling point of water. The 
difference is 180°. Zero (0° F.) is 
32 points or degrees below freezing. 
All these points are merely arbi- 
trary, aS we can see when we ob- 
serve the Centigrade scale, but they 
serve us as a basis for reckoning 
and comparison. Study the pic- 
ture and learn how to compare the 
two scales and transpose one to 
the other. Practice on this until 
you can make the change quickly. 














When we 
Cc. ( 

100° 2125 
90° 194° 
80° 176° 
70° - FH1158° 
60° 140° 
50° 122° 
40° 104° 
30° 86° 
20° 68° 
10° 50° 
0° 32° 
-10° 14° 
-17.78° 4 0° 


FicureE 113.—Two Kinps oF 
THERMOMETERS. 

Note that 0° on the Centi- 
grade thermometer (C.) is 32° 
on the Fahrenheit scale (F.). 
To change from the Fahren- 
heit to the Centigrade scale 
32° must always be subtracted. 
Again, since 212° on the 
Fahrenheit scale is but 100° 
on the Centigrade scale, each 
degree of Fahrenheit’s scale 
is but 2 of a degree on the 
Centigrade scale. Thus to 
change 68° Fahrenheit to 
Centigrade first subtract 32°. 
This leaves 36 degrees. Then 
5 of 36 is 20°C. To change 
from Centigrade to Fahrenheit 
reverse the process. Try it. 
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(Key) Demonstration 25: Problem: How is heat distributed in 
your home? 

Materials: An empty vegetable can with several holes punched 
in its side near the bottom; a flatiron or any five-pound weight; 
a Bunsen burner; some wood splints; a beaker of water; an iron 
tripod; and sawdust (Fig. 114). 
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Ficure 114.—(Key) DEMONSTRATION 25 
Name two kinds and three forms of matter here. 


Method: A. Build a fire with the sticks in the can, first placing 
it upon the tripod. Hold the hand upon the outside of the can as 
the fire burns. 

B. Place the flat iron or weight on the tripod and heat it with the 
Bunsen flame. After five minutes remove the flame, hold the hand 
two inches from the iron or weight, and note what you feel. 

C. Place the beaker of water on the tripod and place the flame 
just under one edge of it. Place upon the surface of the water a 
few particles of sawdust. Feel of the water from time to time. 
Watch the grains of sawdust carefully. 

Observations: What do you feel through the side of the tin can? 
Whence does it come? Does tin conduct heat? Would the heat 
have come through, if the tin had been three or four times as thick? 
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Would the heat have come through iron the same way?. Heat 
travels through metals by conduction. It passes from one mole- 
cule of the metal to another. 

What do you feel on the hand when it is held near the iron or 
weight? Does the heat come through metal here? What is the 
medium for carrying the heat from the iron to your hand? Is the 
heat as intense here as in the case of the tin can? Is air a good 
conductor of heat? The heat comes to your hand across the space 
by radiation. Such heat may pass through space even where there 
is no air. What happened to the water, judging from your testing 
it from time to time? How did the heat get through the water? 
What happened to the sawdust grains? What did their path in- 
dicate? What effect does heat have on liquids in a receptacle? 
How does the warmed water get to the top of the beaker? How 
does the cool water get to the bottom? Which kind of water weighs 
the more? What has this difference in weight to do with the water 
movements? We say that heat is distributed here by convection 
(kén-vék’shin).1 Heat may be distributed through gases in the 
same way. 

Conclusions: By a study of the heating apparatus in your home 
determine what part of it throws off the most heat by conduction. 
Where in your home do you get heat by radiation? How is the 
living room in your home heated by convection currents? How 
is water sent about in your hot-water boiler? in your steam or 
hot-water heating plant? Give proofs for your statements. How 
is heat distributed in your home? Write this demonstration out 
in full in your Science Discovery Book. 


195. Heat Conductivity of Materials. — But what of the 
ability of common household utensils to conduct heat? 
Is this of value or is it of nouse to us? Wouldn’t you like to 
prove this point once for all? 


Suggested Experiment. — Confer with your teacher in collecting 
the materials for this experiment and then demonstrate the princi- 
ple before the class. Your problem will be: Do all substances 
conduct heat equally well? Secure an iron ring stand ; an iron ring ; 
a Bunsen burner; a wire; a copper, an iron, and a brass rod each one 
foot long and of equal diameter ; pea seeds or other objects of the same 
size; and paraffin. Attach the rods to the iron ring with the wire 


1 Convection: a transfer of heat by means of currents of gases 
or liquids. 
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so that they will all touch at. one end. With the paraffin fasten 
three pea seeds to the other end of each rod at intervals of one inch. 
Place the Bunsen flame under the rods at their point of meeting. 
What happens and how soon does it happen? Account for this. 
From which rod do the pea seeds drop last? Account for this. What 
does this action indicate? Explain fully. 


196. Heat Travels through Matter.—If one holds a 
metal poker for some time while tending a fire, he will find 
the handle becoming warmer and the time will come when it 
will have to be cooled or dropped. The heat actually travels 
the whole length of the poker by conduction. If now you 
put a wooden handle on the end of the poker, you do not feel 
this heat. Heat cannot travel well through the wood. 

But how is this difference explained? In iron, the mole- 
cules are closer together than in wood and when heated 
strike one another with great force. In the wood, the spaces 
between the molecules are greater, the collisions of the 
molecules are less, and the heat cannot easily cross these 
spaces. Consequently, we say that wood is a poor conductor 
of heat. 

In a gas, such as air, we find the best example of a poor 
conductor. Explain. The following table gives us a good 
idea of the relative heat conduction power of different sub- 
stances. 


Good Conductors Fair Conductors Poor Conductors 
Tron Limestone Air 
Brass Brick Wood 
Copper Glass Sawdust 
Zine Ice Paper 
Lead Water Cotton 
Tin Granite Silk 
Silver Plaster Wool 
Linen 


Asbestos paper 


197. Practical Uses of Good and Poor Heat Conductors. 
— In cook stoves good conduction is needed and iron is the 
substance used. Itis also cheap. On the other hand, light 
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metals like tin and copper could not be used in the same way. 
Explain. But in heating things over a fire good conductors 
are necessary, SO we use copper and tin containers. 

For the conduction of heat from the cellar to the rooms 
water is found to be a cheap and fair conductor. On the 
other hand, we find need of poor conductors to keep this heat 
in and so we use air in walls of houses, wool in clothes, paper 


Smoke Pipe Heating Dome _ Hot Air Riser Register 


Cold Air 
Feed 
Water Pan Ash Pit 


Ficure 1154.—How A Hot-Air FURNACE WORKS. 





Study this picture carefully. Find out the use of each labeled part. 
Explain the connection between the ash door and the check, draft. Explain 
the directions of the arrows. 


sheathing on houses, and, for the same reason, asbestos cov- 
ering on the furnace and steam pipes. Explain. How would 
heat be lost in each case? . 

198. Modern Heating Systems.— The invention of the 
hot-air furnace was a great advancement over the fireplace 
and stove in that masses of warmed fresh air could be sent 
through pipes into the rooms at different points. Steam and 
hot-water boilers provide heat to be sent through steam or 
water pipes to radiators, which warm the air coming in con- 
tact with them. This warm air circulates about the room 
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in convection currents, aided by open windows, by venti- 
lators, or by a forced draft system. 

199. The Hot-Air Furnace. — This type of heater is simply 
a large stove inclosed in a sheet-iron jacket or brick walls 
and set anywhere upon a cement floor. Study Figure ll5a 
and answer the questions upon it. 

In every hot-air furnace, a strong and constant circulation 
of air is the keynote to success. There should be no cross- 
currents but all cold air should join in a single stream in 





FicurE 115p.—Hot-Arrk HEATING SySTEM. 


a, cold air flue; b, cold air control; c, risers; x, warm air movements; 
e, register; d, hot air flue. 

Find the chimney. What is the great advantage of this system? What 
is its disadvantage ? Explain the movements of the arrows. What causes 
the cold air to enter ? 


flowing to the furnace. The warm air should always enter 
the rooms farthest from the windows. Little heat should be 
sent into the cellar. Explain each of these statements, giving 
a reason (Fig. 115b). 

200. Air Movements in the Rooms. — When the warm 
air comes from a register into a room, it rises. Why? 
Where will it naturally go? Explain. What parts of the 
room will be coolest? Why? What will happen to the air 
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in these parts? Explain. 

What kind of air cur- co, | CO> 
rents aresetup? How, N 
then, is the whole room 
really heated? Makea 
drawing of a room and 
show in it, by the use 
of arrows, the convec- 
tion currents. Show by 
a plus sign the warm 








air and by a minus sign ig- Oxygen 
the cold air. Can you Nitrogen 


see any disadvantage of 6 
the hot-air furnace from — Fycyre 116.—Wuat HAPPEeNs IN Your 
the housewife’s stand- FURNACE. 

point? from the heat- Account for every label in this picture, giv- 
ing standpoint? ing its use or origin. 

201. Heat Distribution through Water.— Did you ever 
think about what happens.to water when it gets hot? Does 
it do anything besides boil? Try the following simple ex- 
periment and find out the answer to this question. 





FicuRE 117A.—THE Wronc (A) AND RicuT (B) Way To ConTROL 
Your FURNACE. 


Why are x and y wrong in A? Show why the conditions are right in B. 
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Suggested Experiment. — Secure two Erlenmeyer flasks of the 
same size and weight, a platform balance, some cold water, and 
some hot water. See that the two flasks are exactly balanced upon 
the scales. Put the cold water in one flask and the hot water in 
the other flask. Fill both to the very top. What now happens? 
Which flask weighs the more? Can you explain this? What 
effect does heat have on matter? See Key Picture 8. If both hot 





FicureE 117B.— THREE KINDS OF HEAT DISTRIBUTION. 


How does heat get out of the radiators? How does it get about the room ? 
How does it reach the person in the chair? Explain fully. 


and cold water were placed together in a tube, what position would 
each tend to take? What effect does heat have upon any given 
volume of water? What will happen to cold water in a heating 
plant when heated? What did happen to it in your demonstra- 
tion with the hot-water heater? 


202. The Hot-Water System. — In hot-water heating we 
depend upon the exvansion and circulation of hot water 
through a closed system of pipes in the rooms, aided by the 
radiation of heat from the large surface of the radiator in 
each room. The heater is placed in the cellar and has a water 
jacket surrounding the fire box. The heat of the burning fuel 
passes through the boiler wall by conduction, the water is 
heated by conduction and convection and it circulates by con- 
vection. Explain this. With this preliminary explanation 
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trace out the system in Figure 118, answering all questions 
upon it. Then be able to describe the system in a con- 


nected story. 


203. Some Essential Features of a Hot-Water System. — 
The circulation of the water in this system depends upon 


the unequal weight of two 
columns of water — one hot, 
the other cold. The heat is 
very even and comfortable. 
It takes longer to heat the 
rooms with this system than 
with any other, but on the 
other hand the rooms cool 
off more slowly. When may 
this be an advantage? a 
disadvantage? Explain the 
above statements. 

204. The Steam Heating 
System. — This is by far the 
most common method of 
heating village and city 
homes to-day. The heat, 
pipes, and radiators are al- 
most exactly like those of 
the hot-water system except 
that the radiators are sup- 
plied with air valves. Make 
a careful study of Figures 
119a and 119b, considering 
the two drawings part by 
part. Beable to explain the 
working of the parts. 

You know that if you put 





Ficure 118. — A Hot-WateR HEATING 
SYSTEM. 

Explain the use of each part shown. 
In houses of recent construction the 
expansion tank is closed and is placed 
in the cellar rather than in the attic. 


a quart of water in a dish over a fire, this water will begin 
to boil at a temperature of 212° F. or 100° C. The amount 
of heat required to cause this water to boil is sensible heat. 
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If this boiling keeps on long enough, the water will all be 
turned into vapor. No matter how long you boil this water 
it never rises above 212° F., but it requires 5.36 times as 
much heat to vaporize it as it does to bring it to the boiling 
point from the freezing point. Heat thus used to change 
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Ficure 119a.—A Sart Heat BOILER. 
Note the relations of all its parts. Show how they work. 


haker 


the condition of matter (water from a liquid to a gas) with- 
out changing its temperature is called latent-heat, because 
you cannot detect it with your senses. Nor will the ther- 
mometer show it. When heat is used to change a bard 
into a vapor, it is called the heat. of vaporization. 

It is this insensible heat that rises with the steam vapor 
through the pipes and is used to heat the radiators in the 
rooms. As the steam gets farther away from the boiler it 
begins to condense and reaches its final stage of condensation 
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in the radiators. There it gives off into the iron exactly 
the same amount of heat as was used in vaporizing it. The 
water formed from the condensation of the steam returns to 
the boiler to be vaporized again. 
This is the principle of the steam 
heating plant. 

205. Comparison of the Hot- 
Water and Steam Systems. — 
Carefully study sections 202, 203, 
and 204, and write out in your 
Science Discovery Book five 
marked differences beween the 
hot-water and steam heating sys- 
tems. 


Remember that the great defect 
of both systems is the lack of venti- 
lation. In most cases windows have 
to be opened to secure fresh air. We 
know that moist warm air is more 
comfortable than dry warm air. 
Moreover, a house can be kept com- 
fortably warm at a lower temperature 
with moist air than with dry air. In 
the hot-air furnace humidifiers! are 
placed in the furnace proper. In the 
steam system the escape of steam 
from the steam valves aids in humidi- 
fying the air. 














Ficure 1198. — STEAM HEATING 


206. The Conservation of Heat SYSTEM. 
How does this differ from the 


in the Home.— Many people con- , + Water stem? Why. 
serve heat in the home by keeping there no return line of pipe? 
all the windows and doors tightly What else is omitted? Explain 
closed. But this is a mistake ™” 

and most unhealthful. Why? How can wall construction 
keep in the heat? (Fig. 120.) 


1 Humidifier: a water tank in the furnace, which moistens the 
hot air before it comes into the rooms. 
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FicurE 120.— How House WALLS ARE BuiLTt TO KEEP IN HEat, 


Give function of each labeled part. What parts help to keep heat in and 
cold out ? 
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Ficure 1214.—A FireLtess Cooker. 
a, cooking receptacle; b, insulating material (felt); ¢, cover; d, pot; 
e, iron heating plate; f, hook; g, metal frame. 


The covers to pots and cooker are tight fitting. Why? Explain use of 
each part and the principle of the cooker. 
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If a shiny and a black piece of tin be placed at equal dis- 
tances from a flame, it will be found that after a given time 
the black piece will be warmer than the shiny piece. In the 
heating plant, then, the Cover 
pipes in the cellar should 
be shiny and left uncovered 
(especially in the hot-air 
system), while in the rooms 
the radiators should be 
painted a dark color. Ex- 
plain. Steam pipes are 
often covered with asbestos outer. 
in the cellar, but this radi- Covering 
ates more heat, according 
to some experts, than the 
bare pipes painted with 
white shiny paint. The 
heater, itself, should be 
covered with a layer of ———— 
asbestos cement. Figure 1218. A THERMOS BOTTLE. 

The fireless cooker and Explain the need for the vacuum, 
the thermos bottle are ‘Pring double wall, and the cork. Ex- 

plain the principle of this device. 
other examples of schemes 
for the conservation of the heat produced by burning fuels 
and transferred to some solid or liquid. Study Figures 12la 
and 121b and be able to explain them. 





x Double Wall 
: lass 
Bottle 








6. DANGERS AND CONTROL OF FIRE IN THE HOME 


207. The Control of Fire in the Home. — In the first place, 
it is necessary to see that all heating systems are so placed 
and so insulated that they cannot set any part of the house 
on fire. They should be fire-tight. Objects which can burn 
should not be left near them. Rubbish and papers should 
not be allowed to accumulate in the cellar. The flues should 
always be kept clean and the chimney in perfect order. 
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Popular Science Monthly. 
FiacurE 122.—SomE Common CAUSES OF FIRE IN THE HoME. 


All are due to carelessness. Why is electricity not included in the above 
causes ? 
Fires, many of which end disastrously, often break out in the 
chimney through the igniting of the soot. Study Figure 
122 and determine some of the causes of fire in the home. 

- 208. What to Do in an Emergency. — In school, help in 
the fire drills by thinking of what you are doing, refrain from 
talking, and keep in mind at all times just where the nearest 
exit is located. In your own home you should practice in 
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your mind what you would do if fire broke out while you were 


in any room of your home. 

doubt do as you had thought 
you would do. It is also well 
to know just what to do with 
burns either on yourself or on 
others. Sweet oil will keep 
the air away until the doctor 
comes. A paste of baking 
soda and water will lessen the 
pain. Again, always remem- 
ber that you should not 
start a fire with kerosene 
nor should you have any in- 
flammable materials near you 
when handling a fire. If the 
clothing should get on fire, 
never run. Explain. 






If it did occur, you would no 


One-Holed Stopper 


Wire to steady 
Pill Bottle 


Bicarbonate of Soda 


Pill Bottle containing 
Hydrochloric Acid 


FicurE 1234.—A Mopev FIRE 


EXTINGUISHER. 


Give the function of each part 


labeled. 


Roll up in a rug or carpet, or wrap a 


blanket or quilt tightly about the body and this will smother 


Screw Top 





Loose Stopper 


Bottle of Acid 


Ficure 1238n.—A MopeERN FIRE EXTINGUISHER. 


Give the function of each labeled part. 
plain how this device works. 


Ex- 


the flames. Why? 

209. The Fire Ex- 
tinguisher.— Do you 
know how a fire extin- 
guisher works? Would 
you like to make one? 


Suggested Experiment. 
— Just get together a 
wide-mouthed bottle, 
some bicarbonate of soda, 
some hydrochloric acid, a 
small pill bottle, a fine 
piece of wire, a piece of 
glass tubing drawn to a 
very small tube on one 
end, a one-holed rubber 
stopper to fit the large 
bottle tightly, and you are 
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ready to begin. Assemble the parts as shown in Figure 123a. Push 
the stopper in tightly and then tip the large bottle over. Note 
what happens in the bottle. Explain this. Now light a match and 
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FIGURE 124.— FIRE HAZARDS IN THE HoME. 


Point out here every condition which may easily cause a fire. Can you add 
others? Do you violate safety rules in your home ? 


as it burns direct the point of the glass tubing at the flame. What 
happens? Explain this. Now study a real fire extinguisher, read 
the directions upon its side, and tell why it is inverted for use and 
how it works. 


Fire Fighters Qh7 








FicureE 125.— Fire FIGHTERS AT WORK. 


Above: A chemical warehouse fire due to spontaneous combustion. 
Below: A spectacular test of fire fighting apparatus. 


248 The Sources and Control of Heat 


Good fire extinguishers should be placed at convenient 
places in the home (Fig. 123b). The carbon tetrachloride 
extinguisher is possibly the smallest and most easily handled 
form. The carbon dioxide type comes next. In buying 
any form be sure to learn just how to use it so that you will 
not become confused in an emergency. Incase of fire, play the 
liquid or gas at the base of the flame. Do not inhale the gas. 

There will be infrequent use of an extinguisher if you permit 
no dangerous fire conditions to exist in the home. Do you 
have any of the fire hazards shown in Figure 124 in your home? 

Finally, remember the position of stairways and fire es- 
capes. In case you have to flee a fire, if possible first tie 
wet cloths over the mouth and nose to absorb the smoke 
and crawl on the floor. Tie the bedding into a rope down 
which you can climb to safety, or if you must jump, throw 
out mattresses to break the fall. “ 


REVIEW OUTLINE 


1. The Importance of Heat to Man in: (1) Keeping him warm; 
(2) preparing his food; (3) causing growth in living things. 

2. The Nature and Sources of Heat: A form of energy coming from: 
(1) the sun; (2) friction; (3) action of chemicals; (4) elec- 
tricity; (5) oxidation of fuel. 

3. The Production and Control of Fire: Produced by friction 
(wood, flint and steel, matches); controlled in: warming pan, 
fireplace, stove, furnace. 

4. Effect of Heat on Matter. (1) Causes matter to burn; (2) ex- 
pands matter; (3) changes solids into liquids and gases. 

5. Fuels: (1) Nature; (2) origin. 

6. Early Use of Fuels by: (1) Romans; (2) pioneers; (3) colonists ; 
(4) people to-day. 

7. Classes of Fuels: (1) Solid (coal, wood, peat;); (2) liquid 
(petroleum); (3) gas (natural and coal gas). 

8. Heat Values of Fuels: The calorie and the British thermal unit. 
Heat values of common fuels. Coal production: methods; 
amounts; wastes. 

9. The Modern Stove: early types; later types; the electric stove. 

10. The Use of Heat in Preparing Foods: Need of varying tempera- 
tures; methods of cooking different foods. 
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11. Heat and Temperature: Meaning of each; definitions. Tem- 
perature as a factor in heating a home; how detected and 
controlled by the thermometer. History of the thermometer ; 
two types; comparison; Fahrenheit (Galileo). 

12. Heat Distribution in Matter by: (1) conduction; (2) convee- 
tion; (3) radiation. Good and poor heat conductors. Prac- 
tical uses in the home. 

13. Modern Heating Systems: (1) The hot-air furnace; (2) the 
hot-water system; (3) the steam system. Essential structure, 
advantages and disadvantages and principles involved in each 
type. Rules for the care of heating systems. 

14. Conservation of Heat in the Home by: (1) pipe coverings ; 
(2) wall spaces; (3) fireless cooker; (4) thermos bottle, ete. 

15. Control of Fire in the Home: Dangers; prevention; (1) fire 
extinguishers ; (2) removal of fire hazards; (3) drill on what to 
do in an emergency. 


SUMMARY 


It was by the burning of fuels that man found out how to produce 
a steady heat. When man discovered fire, he began to enjoy its 
warmth and to become civilized. Electric current is now furnishing 
a large amount of heat to man and may some day take the place of 
the burning of fuels. 

Man but recently found out the effects of heat upon matter in 
expanding it and in changing its composition and nature. The 
greatest value of heat to him comes from burning fuels, thus warm- 
ing him, cooking his food, running his factories and railroads. Car- 

nd hydrogen are the fuel elements which make fuels burn, and 
these elements may be in the form of a solid (coal), a liquid (petro- 
leum), or a gas (coal gas). All early devices failed to get the maxi- 
mum amount of heat out of fuels. 

The modern heating plant aims to get the greatest amount of 
heat out of a given amount of fuel at a minimum cost and to dis- 
tribute it to the places where it is needed. But this means a constantly 
greater demand for coal, which in time means a coal shortage. We 
must then turn to some other means of securing heat. This will 
probably be electrical energy developed by.water.power. 

In buying fuel you should know the amount of heat it will pro- 
duce. In heating a room, you are most interested in its temperature. 
To know what the temperature is requires a thermometer. 

Heat is naturally distributed in three ways (by conduction, .con-. 
vection, and radiation). To use these natural methods to the best 
advantage, the modern heating devices have been invented (hot-air, 
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hot-water, and steam systems). Each system has its advantages and 
disadvantages. Once in use, great care and thought is needed in 
its care and control, if the best results are to follow. 

Heat when produced should be conserved as much as possible 
because of the increasing cost of fuel and because of added comfort. 

Finally, the fire hazards should be removed and the safety of the 
home increased by the installation of precautionary devices such as 
fire extinguishers, asbestos coverings, and fire escapes where needed. 


Remember that: 


1. Heat is a form of energy usually released by the oxidation of 
‘ fuels. 

2. Heat has become increasingly useful to man because of the 
great improvement in the devices for producing, controlling, and 
distributing it. 

38. The amount of heat obtained depends largely upon the kind 
of fuel used and the way it is burned. 

4. The action of heat upon matter and its natural method of 
distribution are most important factors in its use. 

5. The increasing uses of heat in the home make the need of a 


\\ x careful handling of fires and heating apparatus most important. 


THOUGHT QUESTIONS 


These questions are put in this book for a real purpose. 

_ They were thought out for your special use and they aim 
to give your mind some real exercise. They cannot be 
answered by anyone who does not know his science. 
They are meant for the real student who has carefully 
developed a sure foundation in the preceding chapters 
of this book. These chapters are like the foundations of 


ahouse. You cannot build the walls without this founda- 
tion. So these Thought Questions are the walis, the 
decorations, and even the furnishings of your mental 
house. They make it beautiful. They help make a com- 
plete scientist just as the decorations and furniture make a 
complete home. Use these Thought Questions to develop 
your power to think. Then, think out some new ones to 
try on your classmates. 
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THOUGHT QUESTIONS 


1. What is the advantage of a fireplace? Why are fireplaces 
still used ? 
2. What is the advantage of a stove over a fireplace? 
3. What causes a draft? Explain. Study Key Picture 8. 
4. Why does a fire smoke when first started in a stove or fur- 
nace? 
5. Which kind of material would you choose for building a house 
in the tropics — wood, stone, or steel? in cold climates? Explain. 
6. Why are fiatirons often fitted with wooden handles? 
7. Why are thermos bottles shiny? 
8. Give two reasons why the bottle in a thermos is placed upon 
@ spring. 
9. Why do rubbers make the feet feel too warm, if worn in the 
house? 
10. Why do thick glass tumblers break when hot water is sud- 
denly poured over them? 
11. Why do thin glasses seldom break when heated suddenly ? 
12. Why does a thermometer “ drop ’’ when first placed in hot 
water? 
13. Why does a clock with a metal pendulum have to be regulated 
every summer and every winter? 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Allen. Sweden and Safety Matches. Ginn and Co. 

Burns. Story of Great Inventions. Harper and Bros. 

Butler. Household Physics. Whitcomb. 

Gibson. The Romance of Coal. J. B. Lippincott Co. 

Green. Coal and the Coal Mines. Houghton Mifflin Co. 

Hill. Fighting a Fire. Century Co. 

Spingett. Cold Storage and Icemaking. Isaac Pitman and Sons. 

Weeks. Avoidance of Fire. D.C. Heath Co. 

Whitman. How to Make a Thermometer. General Science 
Quarterly, May, 1920. 

Wilson. Coal. Isaac Pitman and Sons, 
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Key Picture 9.—TueE Eye, LicHT, AND ILLUMINATION. 


Try to understand these pictures before you read the chapter. 
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CHAPTER IX 
OUR USE AND OONTROL OF LIGHT 


See how that beam of seeming white 
Is braided out of seven-hued light 
Yet in those lucid globes no ray 
By any chance shall break astray. 
— Oliver Wendell Holmes. 


All wish to know, but few the price will pay. — Juvenal. 


What Do You Know about Light? 

Did you ever stop to think what light is? Suppose that 
the sun should be blotted out. What do you think would 
happen then? Try to think of the many ways in which 
light is useful to you. How do you know that light exists? 


Would you like to know how you see? Would you like 
to know the best way to light your home? Do you think it 
of advantage to know which kind of light is the best and 
cheapest? Here are some questions which will occupy your 
thought for some time. 





Some Practical Questions: 

1. Why are light colored walls in houses more cheerful than dark 
colored walls? 

2. Why does an object cast a shadow? 

3. How can light be thrown from one object to another? 

4. Why does an image appear upside down in the back of a 
camera? 

5. What causes the yellow flame of the lighted candle? 

Home Problem. — Secure a magazine of interior decoration. 
Make a special study of the location, strength, and type of lights used 
for the living rooms. Now compare with the lighting arrangement 
in your own living room and suggest changes and improvements. 

253 


254 Our Use and Control of Light 


Field Problem. — Make a survey of the street lighting plan of 
your home town or city, determining the kinds, strength, and posi- 
tion of the lights. Determine if the lights are properly placed to 
give the most light. Suggest improvements. Find out the source 
of these lights. Visit the power house or gas house and learn all 
you can about them. Report to the class. 


1. How Sunuieut TRAVELS 


210. The Importance of Light. — The sun sends off its 
rays of light to us through a distance of over 92 million miles. 
These rays allow us to see objects, they keep the earth from 
becoming a frozen, lifeless mass, and they cause our crops to 
grow. Some might think that without sunlight we could use 
artificial light, but this would be impossible, for artificial 
light is produced by burning fuels or by water power, and 
without the sun these would not now exist. Can you ex- 
plain this? 

211. What Is Light? — Scientists tell us that light is 
caused by the vibration of waves of ether (something which 
fills all space between molecules of matter). These waves, 
vibrating at the rate 
of billions of times 
Cardboard per second, travel 
from the sun to the 
earth. We do not yet 
know much about the 
real nature of light, 
but you as a young 
scientist can easily 


find out some things 

FicuRE 126.— (Key) DEMONSTRATION 26. that it does. 

Do the rays of light shine out from the candle 5 
in all directions ? What are the only rays that (Key) Demonstration 
can pass through the holes? What must be 26: Problem: Can light 
the relation of the holes to each other ?. rays shine around an 

object ? 

Materials: Blocks of wood fitted with cardboards with a a" 
hole punched through the center of each and a candle fastened to 
a wooden block. Arrange the parts as shown in Figure 126. 
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Method: Light the candle and place one of the cardboards so 
that you can see the candle light through the hole. Next, place 
the second cardboard so that you can see the candle light through 
the holes in both boards when they are placed about one foot apart. 
Now move one of the cardboards a fraction of an inch to the right. 
Do you see the candle light? 

Observations: Does the light travel in crooked lines? How does 
it travel? Would it be possible for a candle to throw its light around 
the edge of one of the cardboards so as to illuminate ar object behind 
it? Explain. Record your observations in your Science Discovery 
Book. 

Conclusion: Write out your conclusion after studying your prob- 
lem. Give your proofs. 





Figure 127.—CaAuSES AND PARTS OF SHADOWS. 


Can you name the parts of this shadow? What causes these parts to 
appear? Try this out at home tonight. 


212. Shadows. — The fact that light rays travel in 
straight lines accounts for the shadows behind every opaque 
object which is exposed to them. Those rays which strike 
the opaque substance, not being able to pass through it, 
are either absorbed or reflected. This casting of shadows 
causes our night and eclipses of the moon and sun. Can 
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you explain this? The different parts of a shadow vary 
in intensity. Test this out for yourself as shown in Figure 
127. The center is called the wmbra and the lighter portion 
about this center is called the penumbra. In your home, it 
should be your endeavor to get as much direct light as pos- 
sible without a glare and 
to prevent shadows with 
large umbras. You 
should, therefore, keep 
out of the windows such 
objects as potted plants 
and chairs, which cut off 
light and form large 
shadows. Plants have no 
place in the windows of 
living rooms unless the 
rooms are abundantly 
supplied with light. 
Aquaria may be placed in 
windows without cutting 
off much light. Explain. 

213. Sources of Light. 
— When the sun is ob- 
scured by clouds, we 
have a dark day. When 
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FicuRE 128.—TnHE USE oF CURTAINS. the sky is clear. the light 
Give the use of each kind of shade here ’ 


shown. Why does the light pass through On shine direct ly “upon 
one and not the other ? all objects, causing them 
to be illuminated and 
making them plain to the eye. The prime purpose of trans- 
parent window glass is to let in these light rays. To cut off 
some of this light, we use translucent curtains of a pleasing 
shade. To shut out all light we use green or black opaque 
curtains (Fig. 128). 
214. How Light Travels. — Light is a form of energy. It 
travels in straight lines in every direction from its source, 
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at the rate of 186,337 miles a second. It thus takes about 
8 minutes for a light wave to travel from the sun to us through 
a distance of over 92,000,000 miles. The waves of the in- 
visible ether give us light when their rate of vibration is be- 
tween 750 trillion and 400 trillion times a second. At this 
rate, the waves of ether affect the optic nerve of the eye and 
we see. The source of these ether waves is the sun. (Key 
Picture 9.) 








FicurReE 129.— ReEFLEcTED LIGHT Out oF Doors. 


What causes the clear images in the water? How does reflection add to 
the beauty of the home and of the landscape ? 


2. How We Use AND ConTROL SUNLIGHT 


215. Why Things Are Visible to You. — When a candle 
gives light, the rays pass off from the source of light in straight 
lines in every direction. But if you look at the wall opposite 
the candle, you find it lighted by the candle and the rays 
strike back from the wall to your eyes by reflection! (ré-flék’- 


1 Reflection: a turning or throwing back of light rays from a 
surface. 
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shin). Practically everything you see indoors and out of 
doors is visible to you by reflected light (Fig. 129). Tree 
trunks absorb light. A white house reflects light. Name 
several good and poor reflectors of light which make them 
easily or poorly visible to us. (Key Picture 9.) 

216. Reflected Light in the Home. — People who can get 
the direct rays of the sun in most of their rooms all day are 
very fortunate. Others must depend upon reflected light. 
Draperies, heavy curtains, and dark upholstered furniture 
are to be avoided in homes with poor lighting. Explain. 
Polished surfaces, bright ceilings, glassware all tend to lighten 
up rooms. What is the advantage of light colored ceilings? 
Explain. 

Make a careful study of your home to find all reflecting sur- 
faces which help to light the rooms. Observe if any different 
arrangement of the furnishings will give you more light. 


















































FicurRE 130.—Two Kinps oF REFLECTIVE SURFACES. 


a, smooth and plane; b, rough and uneven. Account for the direction 
of the arrows in each picture. Which surface is hard on the eyes ? Explain. 
Which gives the softer light ? Explain. 


217. Diffused Light in the Home.—If you depended 
entirely upon reflected light in the home, your eyes would 
soon be ruined. A shining ceiling would soon become tire- 
some. A slightly roughened, tinted ceiling furnishes you 
with much light without tiring you because the light is scat- 
tered or diffused from every little irregularity in the surface. 


This gives a soft and pleasing light. Study Figure 130 and 
explain it. 
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218. Refracted Light in the Home.— Light rays to be 
refracted (bent to a new course) must pass from one trans- 
parent medium into another. Water is the most common 
refractive substance. This accounts for the distortion so com- 
monly seen in water in the aquarium, in jars or bowls of water, 
and in the window glass if the edges are somewhat distorted or 
the surface irregular. Diamonds and similar brilliants owe 
their sparkling lights to the refraction caused by their pris- 
matic’ surfaces. Do diamonds reflect light? 

219. Color in the Home. — The color of an object depends 
upon what light rays it transmits, absorbs, or reflects. An 
object appears black when 
it absorbs most of the 
light rays of all colors and 
reflects few to the eye. It 
is white when it reflects 
most of the light rays of 
all colors and absorbs few. 
Make a list of the distinct 
se eee a, b, and care light rays from different 
living room at home. Do parts of the candle. They must pass 
these colors in any way through the hole x and strike the back 
brighten_or darken the 7. Why dont ihe ater cay re 
room? Decide upon sev- jnverted? 
eral fundamental colors 
which would be proper for a living room, dining room, or bed 
room. Study your own rooms at home and work out sug- 
gestions for improving the color scheme the next time you 
paper and decorate. 

220. How Does a Pinhole Camera Use Light Rays? — 
Here is an experiment you can surely do at home. You will 
certainly be surprised at the results. Moreover, they will 
make clear a great many things. Study Figure 13la, and 
be able to explain it. 

1Prismatic: a term applied to objects having many plane sur- 
faces. 





FicureE 131A.— THE PINHOLE CAMERA. 
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Suggested Experiment. — Find an empty cereal box, a candle, 
and some tinfoil. Cut a square hole one inch in diameter in the 
bottom of the box. Paste the tinfoil over this hole. Carefully 
prick a hole in the center of the tinfoil with a pin. Cover the open 
end of the box witha piece of thin tissue paper. Placea lighted can- 
dle before the pinhole. Darken the room or put a dark, opaque 
cloth over your head and the paper end of the box. What do you see 
on the paper? Is there anything peculiar about thisimage? Bring 
the box forward or backward and note the effect upon the image. 
This box is a crude camera. Make a side sketch of this camera 
and candle and try to account for. the position of the image on the 
paper by drawing lines from several parts of the candle to the cor- 
responding parts of the image. What effect does a small opening 
have upon light rays? Give 
your proofs. Is the image 
made by direct, reflected, 
refracted, or diffused light? 
Explain. Give a complete 
story of the above in your 
Science Discovery Book. 





Figure 1318.—A BELLows CAMERA. 


3. How Your Evyss 
Use Liaut 


Retina 


y 






221. How Do You See 
with Your Eyes? — This 
question should be an in- 


Ficure 131c. — INTERIOR View oF HuMAN teresting vee to you. 
Eve. You can solve it in school 
Compare b with a. What new structure Only, for the materials to 


is added in b? Now compare c with b. be used are expensive. 
What new structure is found in c not found 


in bora? Suggested Experiment. — 
Secure from your teacher a 
model of the human eye and borrow a bellows camera (Figs. 131b 
and 131¢e.) Compare the model of the eye with the camera and dis- 
cover all the parts of each which are similar. Locate the lens and iris- 
diaphragm in each. Find the ground glass in the camera. Look 
for the retina in the eye which corresponds to the ground glass. 
Look through the back of the camera and focus it upon some 
object. Note the way you focus it and explain it. Now look 
through the back of the eye and focus it also. Does it focus in the 


Retina 
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same way? How do objects look in both the camera and the eye? 
Account for this. Where do the light rays meet? Where do they 
cross? How are images focused in the eye? Make a study of the 
eye to understand all its essential structures and their uses. Give 
an account in your Science Discovery Book of how you think the eye 
sees. (See Key Picture 9.) 



















































































Figure 132.—Wuat Lenses Do To Licut Rays. 


x, a thin convex lens; ab, any surface; y, a thick convex lens. Light 
rays from c are bent by the lens x and produce an inverted image back of 
the surface ab, at d. Light rays from cc pass through y and produce a 
clear image in front of the surface ab at dd. Can you explain the difference ? 
Why is the image not thrown on ab ? 


222. The Importance of the Lens.— A prism refracts 
rays of light while a lens not only refracts but may also 
converge ! light rays. 

When a lens is cut so that its center is thicker than its 
edges, it is said to be convex and it focuses the rays of light 
passing through it at a point near it. It is this kind of 


1 Converge: bring together. 
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lens which is found in the 
eye, camera, and the ob- 
ject glasses of the tele- 
scope, opera glass, and 
reading glass. (Key Pic- 
ture 9.) 

Sometimes lenses are 
made so that the center 
is thinner than the edges. 
These are called concave 
lenses and are used to 
cause the light rays to 
diverge. By combining 
these two kinds of lenses 
in different ways we may 

Popular Science Monthly. have a series so adjusted 
FicureE 133aA.—THE First Reat Por- that the light rays may 
TRAIT EvER TAKEN WITH THE HELP OF be diverged and con- 
SUNLIGHT. ; 
verged. The result is 
to magnify an object and then focus it so that it can be 
plainly seen as a large object, though really invisible to the 
naked eye. (Fig. 132.) 
223. The Camera. — The con- 
vex lens is used in the camera to 
great advantage because a land- 
scape possibly miles across can 
be focused in all its details on a 








sensitive plate 4 by 5 inches in Popular Science Monthly. 
dimensions. The image is always Ficure 1338.—THe First 
: FoLpinc Kopak EvER 
inverted on the ground glass. Mave (1892). 


Why? Study a camera (Fig. 
133b) carefully and understand 
the reason for the position of the bellows, the purpose of the 
iris-diaphragm, the bellows, the black interior of the bellows, 


the use and structure of the finder, and the use and impor- 
tance of the stops. 


It was heavy and cumbersome. 
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FicuRE 134.—A NEGATIVE AND A POsITIvE. 


Compare the two pictures. In the negative (above) the light objects of the 
scene are dark and the dark objects of the scene are light. This is caused 
by the action of the sunlight on the silver salts in the plate. In printing the 
positive (below), the lights and darks are again reversed, giving a reproduc- 
tion of the scene. 
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The modern photograph (a writing of light rays) is the 
result of the discovery that light can be made to do work 
chemically upon certain salts containing silver. When 
exposed to light for the fraction of a second, as in a “ snap- 
shot,” these silver salts are affected more by intense light 
rays and are little affected by the less intense rays. These 
differences are brought out by developing the plates. 

The print or finished picture is made by exposing sensi- 
tized paper to light passing through the negative. The light 
part of the negative allows the light rays to pass through 
easily while the dark parts hold them back. When the print 
is developed, its lights and darks reverse those of the nega- 
tive, reproducing those of 
the original object. Study 
the illustrations in the 
text (Fig. 134) and be 
able to explain them. 
Figure 1354. — FARSIGHTEDNESS. 224. The Human Eye. 


The lens B is too flat or the eyeball too ~ Were it not for yOuE 
short from front to back. The candle eyes you could not enjoy 


image tends to become focused behind pictures or anything about 
the retina X at C. Explain. é 

you that delights the eyes. 
The eyes are the most delicate organs of the body, the most 
easily and commonly abused, and the ones that require the 
most care and consideration. 

Your study of the principles of the camera prepares you to 
understand the structure of the human eye. When a ray 
of reflected light reaches the cornea, it passes through the 
aqueous humor, through the lens, and through the vitreous 
humor, and is refracted and brought to a focus on the retina 
in an inverted position. There the nerve endings are stimu- 
lated, thousands of impressions are carried to the brain, 
where they are put together as a whole to form the object 
seen, and we say we see a dog or an automobile or a house. 
Study the diagram of the eye (Key Picture 9) and learn all 
the parts and their uses. 
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225. Control of Light in the Eye. — The pupils of the 
eyes of a cat are largest on a dark day or at dusk. By exam- 


ining your own eyes in a 
looking-glass you will find 
the same thing to be true 


there also. 


In the camera the amount 
of light allowed to enter is 
determined by the stop or 
diaphragm aperture. When 





Figure 1353. — NEARSIGHTEDNESS. 
By comparison with Figure 135a ex- 


* plain this defect. 


should it be opened wide? When should it be stopped down 
to a small opening? To bring an object into focus the 


AWVNS 





Ficure 135c. — Eye CHART. 


An uneven surface of the cornea or of 
the lens produces a condition known as 
astigmatism. Do all the black lines seem 


of the same degree of blackness? 
you have some astigmatism. 


lens is moved forward 
or backward. How are 
these same things accom- 
plished in the human 
eye? Have one of your 
companions shut his eyes 
for a minute and then 
open them towards strong 
light. Try it again, open- 
ing them towards dull 
light. Compare the re- 
sults and account for 
them. What are the ad- 
vantages of these move- 
ments? What would 
happen if it were not pos- 
sible to perform them? 
The ciliary (sil’i-d-ri) 
muscles of the eye have 
the power to flatten or 
thicken the crystalline 
lens so that an object is 


properly focused on the retina. This is called accommodation. 
This is a wonderful adaptation and you are totally unconscious 
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of it. If an object is far away, in what form will the lens 
be found? Suppose one is reading steadily for some time and 
then looks off suddenly, what will happen to the lenses of his 
eyes? Explain. Can you tell why the eyes sometimes pain 
one when this is done? 
The eyes have a great 
advantage over the cam- 
era in that they can move 
from side to side to take 
in a wider vision. This 
Ficure 135p.— Correction FoR Far- they are able to do be- 
SIGHTEDNESS. cause they are set in a 
Here the convex lens X brings the image bony socket of the skull 
from Z to the retina. Figure 135a is cor- 
rected. Explain. and protected by fatty 
tissues. In this soft set- 
ting they are easily moved by the muscles. The eyelids act 
as the shutters of the eyes, closing out all light or letting 
in much light at the wish of the owner. The hairs on the 
lids keep out dust and perspiration. Study Key Picture 9. 
226. Eye Defects.— Most 
infants when born have nor- 
mal eyes and eyesight. But 
as time passes the eyes be- 
come misshaped or strained 
so that at school age a 
surprisingly large number 
of defective eyes are found = Ficure 135. —CorrecTION FOR 
among children. Too many ae ote 
young and middle-aged peo- Comper wih Pure 1p and 
ple have to wear glasses and 
no doubt many more who do not wear them should do so. 
Study carefully the diagrams (Fig. 135, a to e) showing eye 
defects and their correction until you understand them. 
227. Care of the Eyes. — The eyes demand the greatest 
care. Right habits concerning them should be formed early 
in life. A few rules based upon your previous knowledge 
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of light and cleanliness are here suggested. As you read each 
one of them try to give the reason for such a rule and show 
how the neglect of such rules may lead to permanent injury 


to the eyes. 


1. Do not make a steady practice of attending the moving 


picture theaters. 


2. Whenever you attend a motion picture theater never sit 
in the forward part of the auditorium, if you can possibly avoid it. 
. Do not read while lying down. 
. Do not read a book with highly glazed paper in a strong light. 
. Do not make a practice of reading upon moving trains. 


. Do not read in a flickering light. 


3 
4 
if 
6. Do not read with the light coming from in front of you. 
7 
8 


. Do not rub the eyes with the fingers. 
. If the eyes are irritated, bathe them in a saturated solution 


of boracic acid. 


Use a clean handker- 


9. Rest the eyes from time to time when engaged in fine work 


by looking off at a distance 
for a few moments. 

10. Do not read books 
with extremely fine print. 

11. Do not attempt to 
read in the twilight. 

12. Do not look at ex- 
tremely strong light for more 
than a moment. 

13. Do not rub the eyes to 
remove any foreign substance. 
Float the substance out with 
an eye wash or turn the lid 
over a match stick, locate the 
substance, and remove it with 
a silk handkerchief. 

14. Bathe the eyes from 
time to time in cold water. 


228. Moving Pictures. 
—A moving picture film 
is a thin strip of trans- 
parent celluloid one inch 
wide and of indefinite 
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FicurRE 136.— THE ESSENTIAL PARTS OF 
A Movinec PicTuRE MACHINE. 


Study each labeled part and determine 
how it works, 


Lower Steady 
Feed Sprocket 
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length. Upon this film 
are printed and de- 
veloped 16 pictures to 
every foot, each picture 
differing from the one 
before or after it by the 
slightest detail. This 
film is run through the 
moving picture ma- 
chine at a speed of more 
than one foot a second. 
An image remains on 
the retina about + of 
a second. When pic- 
tures are moved before 
the eyes at the rate of 
sixteen times a second, 
each succeeding picture 
is placed in front of 
the eye before the 
image of the previous 
picture has died out. 
For this reason the 
moving picture is possi- 
ble. The audience gets 
the impression of move- 
ment, although there 
is no movement what- 
ever in the picture as it 
isseen. The movement 
really occurs when the 
flicker shutter revolves 





FicurE 137.— Movinea Pic- 
TURE FILMS. 
Examine these films. Note the bodies of the people in the several pictures. 
Do they move? Explain the principle of the moving picture. 
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so as to shut off the light rays while one picture is being 
moved and the other brought into position. Study Figure 137. 


4. How ArtiriciaL Licut Is PropuceD AND CONTROLLED 


229. Artificial Light.— Much of the world’s work is done 
by night ; our studying and most of our entertainments and 
educational gatherings occur between 8 and 10-p.m. There- 
fore, a study of the ways artificial light is produced and con- 
trolled should be of great interest to everyone. 

230. How Does a Candle Give Light? — Suppose you 
answer this question by an actual test. 


Suggested Experiment. — Secure a paraffin candle, pliers, and a 
4” < 5” glass plate. Light the candle. Note any change which 
takes place in the paraffin. With the pliers clasp the wick half- 
way down to the candle and stroke upwards. Examine the pliers 


A Soot 
Burning Match (Unburned Carbon) 


























FicureE 138.—THE CANDLE FLAME. 
Explain the use of each part here shown. 


and note what you see. Blow out the candle and immediately 
hold a lighted match within one-half inch of the tip of the wick. 
Note what happens. Hold the glass near the flame for a moment. 
Note the result. Fan the flame and compare what you see coming 
from it with what you have on the glass. Now lower the glass so 
that the flame tip touches it. Note results. Lower the glass still 
farther until it is halfway down the flame. Compare the results 
now with those first noted (Fig. 138). 

What happens to the paraffin when the wick is lighted? What 
is found in the end of the wick after the candle burns some moments? 


- 
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What catches fire when the match is held near the wick? What 


really burns in a candle? Is this substance which burns a gas, © 


a liquid, or a solid? What substance is found in a candle flame? 
Give proof. What really happens when a candle smokes? What 
is smoke? Why do you not see this smoke when the candle burns 
steadily? When does the candle give the most light? What in 
the candle gives the bright flame? Where in the flame is the most 
carbon found? What is burning in the blue center of the flame? 
Where do you think the hottest part of the flame will be found? 
Give your proof. Test this by holding a wood splint horizontally 
in the middle of the flame. Observe the result and tell what it 
shows. 

Conclusion: How does a candle give light? Give proofs and 
explanations. 


231. Candle Power in the Home.— The candle as a 
means of effective illumination is a thing of the past. Still, 
all our methods of measurement of artificial lighting to-day 
are based upon the candle, for the unit of illumination is 
the foot-candle or the brightness of light received by a plane 
surface from a candle light one foot from it. Study Key 
Picture 9 until you understand it. The problem of suc- 
cessfully lighting any room in your home is not a matter of 
using candles but candle power, keeping in mind the use you 
want to make of the light and the distance between the light 
and the work to be done. The following table will give one 
a general idea of the illumination required for any work. 


aptary ivan? TOOM.,..:.--.e.- cane 2 to 3 foot-candles. 
General illumination of house....... 1 to 2 foot-candles. 
Desk illumination or study ......... 3 to 5 foot-candles. 


Thus if you decide that you will need 4 foot-candles in 
your study and the light must hang 4 feet above the desk, 
you will need a 64 candle-power light in order to give you 
the correct illumination. 

232. How Does a Kerosene Lamp Work? — In small 
villages and in the country the kerosene lamp is still in use. 
How does it work? You can find this out for yourself. 


Kerosene Lamp Improvements 
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Suggested Experiment. —.Secure a small kerosene lamp, a piece 


of tin 4” X 5”, and a lamp chimney. 


In the presence of you 


teacher, light the wick of thelamp. Note the condition of the flame. 


Hold the tin over the flame. 
chimney on the lamp. Note the effect upon the flame. 


cloth around the 
burner. Note re- 
sults. Examine the 
burner and deter- 
mine its construc- 
tion and the uses 
of its parts. In 
what condition is 
the fuel found? 
In what condition 
does it burn? 
What burns in the 
fuel? Turn up the 
wick. Why does 
the flame smoke? 
What will stop the 
flame’s smoking? 
What causes the 
flame to give a 
better light? What 
kind of air currents 
are used here to 
givea draft? What 
is the use of the 
draft in the lamp? 
What actually 
gives light in the 
lamp? What pro- 
duces the bluish 
part of the flame? 
How does a lamp 
control a flame? 
Give full proofs in 


covery Book. 


Note the results. Now place the 









in Burner Base 


Wind a 
Chimney 
Carbon Dioxide, 
Water Vapor. 
and Heat 
Burning Gases 
in Flame 
Burner 
Kerosene 
changing Chimney 
to Gases Clips 
Air entering Wick 
through Air Helse Wick 





FicureE 139.—THE Common KEROSENE LAMP. 


your Science Dis- Explain the use of each part labeled. How does the 


lamp work ? 


233. Kerosene Lamp Improvements. — Although many 
rural and village homes must still use the kerosene lamp, 
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there is no need of having poor illumination with this form 
of light. A study of Figure 139 will show you the parts of the 
kerosene lamp and their uses. Why is the Rochester burner 
better than the ordinary 
flat-wick lamp? Study 
Figure 140 and ex- 







Chimney. plain it. 
Bier 234. The Gas Flame. 
urning 
Chimney Gases — You are no doubt 
Holder 


familiar with the com- 
Kerosene P 
Changes mon gas jet and the 
foiGas Welsbach mantle. How 


Screw Holes for 
Entrance do you suppose that the 


of ColdAir gas jet gives light and 
the mantle increases this 
light? 


Suggested Experiment. 
— Secure a Bunsen burner, 
a gas jet, and a Welsbach 
burner or mantle. Light 
Oil the Bunsen burner. Note 
Reservoir the flame. By opening 
and closing the opening, 
increase or decrease the 
amount of light given off. 
Light a fishtail gas jet (Fig. 
141, A). Note the flame. 
Compare with the Bunsen 
burner flame. Note the 

Ficure 140.—Tue Rocuester Burner. flatness of the flame. At- 

Tell the use of each part labeled. What tach the Re Se 
is the advantage of having air enter at two jet, Figure 141, B, and 
different points ? “burn off ”’ the mantle by 

touching a match to its 
lower end. Turn on the gas and light the mantle. Notethe 
brillianey of the flame. What is the color of the Bunsen flame? 
What causes the changes in it? Is there hydrogen in the flame? 
Explain. Where does the flame get its oxygen? When do you 
get the most light? Explain. Explain why you get the least light 





See 
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with the most oxygen. Is a Bunsen burner used primarily for 
light or for heat? Why is the slit tip put in the gas jet? What 
is the advantage of a flat thin flame? Where is it the hottest? 
the lightest? Explain. Why is 


this flame so much more brilliant Yellow Part 


than a Bunsen flame? Can of Flame 
much oxygen reach it? How? pee 

: E ue Part 
Explain. What is the effect of of Flame 


the mantle on the flame? Does Z 
the mantle burn? Do you sup- 5 Burner 
pose as much gas is used with a 
mantle as without a mantle? — 
Explain. No light is given by 
the burning gas inside the man- 
tle. It is the incandescence 
(in’kdn-dés/éns) ! of the coating 
on the mantle which gives the 
light. How can the light of a 
gas flame be in- 
creased? Ex- 
plain. What ad- Mantle 


vantages has the | 
mantle over the Burner. 
open flame or 


fishtail jet? 












Burner Base 





235. The Gas with Air Holes 

Mantle. — The ; 

chief objection Bil obslives rT 

to the open or = Turn ain to >} | 

fishtail gaslight On or Off % 

is the large Fe eck 

area of non- Ficure 141.— THE FisHTarL GAS FLAME AND 
luminous blue WELSBACH BURNERS. 


flameatitscen- Explain the use of each part labeled. Why is the 
ter. It is also inverted mantle to be preferred ? 


an unsteady light. The invention of the Welsbach mantle 
solved these difficulties very completely. ‘The mantle is 
composed of a mineral substance called thorium, which 


1 Incandescence: glowing. 
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becomes incandescent, due to the intense heat of the gas 
flame. The carbon and hydrogen in the gas are consumed 
just as they reach the sides of the mantle. Thus, there is no 
smoke or flicker, but rather a steady, intense light with a 
maximum of convenience and a minimum of expense. Name 
one difficulty in using the mantle. Study Figure 141, B 
and explain it. 

236. How Does an Electric Bulb Give Light? — You are 
quite familiar with the general appearance of an electric 
bulb, but did you ever examine one carefully to see how it 
was made? 


Suggested Experiment. — Secure a dry cell battery, a three-inch 
length of fine copper wire, a three-inch length of German silver 
wire, and a flashlight bulb. Connect the positive and negative 
poles of the dry cell with the piece 
of copper wire. In a moment feel 
of the wire. Replace this copper 
wire with the German silver wire. 
Note results. Compare with the 
copper wire. Connect the termi- 
nal or contact point of the small 
electric bulb with the poles of the 
dry cell. Note the result. Com- 
pare with the other two wires. 
What caused the copper wire to 





Carbon Bulb Tungsten Bulb become hot? Why did the Ger- 
FicureE 142.—-Two Kinps oF In- man silver wire become red hot? 
CANDESCENT ELECTRIC BULBS. Why did the electric bulb wire be- 


Which gives more light? Why? comeincandescent? Which offered 
the most resistance to the electric 

current? Which offered the least resistance? Explain. What two 
important conditions must be met before light can be produced by 
an electric current? Examine the ordinary electric light bulb of 
40-watt capacity. Note its construction and the uses of its parts. 
How does an incandescent electric bulb give light? Give proofs and 
full explanations. Give full results in your Science Discovery Book. 


237. The Tungsten Light. — To Thomas Edison we owe 
the origin of the electric light. He used years of careful ex- 
perimentation in seeking a proper filament to carry the cur- 
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rent; a filament that would give a maximum amount of light 
without burning out. The principle of the incandescent light 
is the resistance of a fine filament to an electric current. 
The smaller the wire, the greater the resistance and the 
brighter the light. With the use of tungsten as a filament, 
a brilliant white light is produced and it has now taken 
its place as the best light for all-round illumination and 





Insulators 


Conduits of Steel [4 
Construction 





Ficure 143.— How EL ectricity 1s DISTRIBUTED IN THE HoME. 
Explain the use of each part labeled. 


intensive work of all kinds. Study the diagrams (Fig. 142) 
of the two kinds of bulbs and explain each. The nitrogen 
bulb is a still later product. Why is it desirable? 

238. Electric Wiring in the Home. — Certain substances, 
such as copper, steel, and aluminum, are excellent substances 
for carrying currents of electricity and are called conductors. 
The wires entering and carrying current to every outlet in 
the home are made of copper and are covered with rubber, 
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asbestos, or other materials to prevent loss of current, short 
circuiting, and fires (Fig. 143). Explain. These coverings act 
as insulators.1 Other insulators are bakelite and porcelain. 
In modern house wiring, metal pipe conduits (kén’dits) * 
are used for the wires, thus absolutely preventing any possi- 
bility of fires, provided the conduits are perfect in construction. 






COST OF 1000 CANDLE HOURS IN CENTS. 
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FicureE 144.—TuHe Costs or Usine Dirrerent KInps oF LIGHT. 


a, candle; b, kerosene lamp; c, gas (open flame); d, gas mantle; 
e, carbon electric bulb; f, tungsten electric bulb. 

Based upon cost of candles at 12 cents a pound, kerosene at 15 cents a 
gallon, gas at $1.00 for 1000 cu. ft., and electricity at 10 cents a kilowatt- 
hour. The blank portions of columns d, e, and f represent cost of bulbs 
and mantles. Which is the cheapest light? Which gives the most light ? 
Which is the most convenient light ? 


1 Insulators: non-conducting substances. 
4 Conduits: channels or pipes for carrying electric wires. 


Semi-direct Lighting Q7T7 


239. Relative Costs of Light.— Cost is not the only 
factor which should determine the kind of light to be 
used. Convenience and brilliancy enter into the problem 
as well. All improvements in lights aim to reduce the 
cost and to increase their brilliancy. On this basis the 
poorest light is the most expensive. A study of Figure 
144 will show the relative costs of several kinds of 
lights. Study them and answer questions upon them. 
As Figure 144 demonstrates, in cities and large towns 
the inverted mantle cannot be 
excelled for cheapness and bril- 
liancy. Because of its convenience 
and reliability the Mazda electric 
light is commonly used in the 
home. 

240. Direct Lighting. — Direct 
light is always best for close work 
inaroom. Of course the rest of 
the room will be in a dim light, 
for the protection of the eyes and 
the concentration of the light rays 
demands an opaque shade to 
throw the light directly down. Excellent for bathrooms and 
Study Figure 145 and determine aor ela habit Sype 

advantage of the fluted glass 
how the light rays travel to the shade? 
eye from their source. Account 
for the direction of the light rays. Explain the shadow 
above the shade in Figure 146, A and the lighted area 
below it. 

241. Semi-direct Lighting. — The diagram on page 278 
(Fig. 146) shows this form of lighting. In what rooms is this 
form best used? How does this differ from the direct sys- 
tem? What is lost in this type? What is gained? Would 
the color scheme of your living or dining room have any- 
thing to do with the value of this light? Explain. What is 
meant by semi-direct lighting? 





Ficure 145.— Direct LIGHTING. 
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242. Indirect Lighting. — This type of lighting is often 
considered the best for general illumination in the home. 
Study Figure 146, B and give two reasons why you think this 
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FicuRE 146.— THREE FoRMS OF LIGHT DISTRIBUTION. 


A, direct lighting. How does this differ from that shown in Figure 145? 
B, indirect lighting. How is the room lighted here? What is the dis- 
advantage of this method? C, semi-indirect lighting. How does this differ 
from B? This is valuable in dining and living rooms and for halls and 
schools. The modern tendency is to use side units in the home. 














may be so. Give reasons for the direction and turns of the 
light lines. What color scheme should be used in the din- 
ing room to insure the best illumination with this type of 
light? Many libraries, churches, and public buildings are 





FIGURE 147.— TYPES OF ILLUMINATION FOR STUDYING. 


Compare these pictures and tell which is best for the eyes. 


for your answer. Which type do you use each night? 
rect it at once. 


Give reason 
If it is wrong cor- 


lighted in this way. The lights are nearly always invisible, 
and the softness of the illumination is pleasing and restful 
to the eyes. For intense or fine work, however, such a type 
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of lighting is far from best. Explain. Study the three 
drawings in Figure 147. 

243. Shade Colors. — The color of the shade is a most 
important item in illumination. In the reading lamp a 
bright green (signal green No. 2) shade allows about 19% of 
the light to pass upwards through it. This helps to light 
the room as well. For softer effects in a living room canary- 
colored shades allow 82% of the light to pass into the room. 
Ecru or light buff shades allow about 70% of the light to pass 
into the room. Both types of shade are most pleasing. 

For the kitchen and bathrooms, the clear, white glass 
shade is the best. This allows almost 100% of the light 
to pass through. Explain the use of the fluted surface. The 
pure white shade is often used in the semi-direct lighting 
of the dining room. This gives about 90% illumination, and 
when softened by the use of about two 40-watt bulbs pro- 
vides an effective and pleasing illumination. Where the 
home is electrically lighted, the changing of bulbs which 
have dimmed because of the. gradual burning away of the 
filament should not be neglected. 

244. Wall Colors of the Home. — The lighter the wall 
colors, the less artificial light need be used. Explain. A light 
buff wall will give the best illumination effects. What color 
should one paint or paper the kitchen? the bathroom? What 
should be the general color scheme of a room facing the 
north? the south? It has been found that light cream paint 
diffuses 52% of all the light coming to it and cream paper 56%. 
Very light green paint diffuses 45% of the light, while brown 
paper gives off but 13%, dark green 5% and red about 12%. 

It is evident, then, that your selection of wall coloring 
is a most important point in the comfort, cheerfulness, and 
efficiency of your home. The proper choice will safeguard 
these factors of home life because eyes will be free from 
strain and nerves will not be disturbed by glaring or inhar- 
monious combinations. How would the decorations be of any 
importance in the illumination of your home? Explain fully. 
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17. 


18, 


REVIEW OUTLINE 


The Importance of Light: (1) Gives us power to see; (2) causes 
growth in plants; (3) gives us fuels. 

The Nature of Light: (1) Vibration of ether; (2) a form of 
energy; (3) travels in straight lines. 

Sources of Light: (1) The sun; (2) oxidation of fuels; (3) elec- 
tricity. Speed of light rays. 

Why Things Are Visible. Direct and reflected light rays. 
Shadows. How caused. Parts of a shadow. Avoidance of 
shadows in the home. 

Control of Light by: (1) Reflection (mirrors); (2) refraction 
(prisms and lenses) ; (3) diffusion (ceilings) ; (4) translucent glass. 
Reflection of Light in the Home by: (1) White woodwork; 
(2) polished furniture; (3) glassware; (4) bright ceilings and 
hangings; (5) mirrors. 

Diffusion of Light in the Home by: Light colored and rough- . 
ened ceilings. 
Refraction of Light in the Home by: (1) Aquaria; (2) prisms; 
(3) brilliants. 

Color in the Home: Nature; dependence upon light; cause of 
color variations. Importance of having pleasing colors in the 
home. 


. The Use and Importance of Lenses: Kinds; effects upon light 


rays; uses. 

The Camera: Parts; uses; methods of taking pictures (negative 
and positive). 

The Human Eye: Parts and their functions; light control by 
the eye. Eye defects; detection of defects; correction of 
defects. Care of eyes. Motion pictures; construction and 
principle. 

Artificial Light: How produced by candle, oil lamp, gas 
flame, electricity. 


. Candle Power in the Home: (1) The unit of illumination; (2) 


amount of light needed for different rooms and work; (3) light 
improvements (kinds). 

Electrical Wiring in the Home: (1) Parts; (2) principle and 
use of insulators and conduits. 

Kinds and Methods of Home Illumination : (1) Direct ; (2) semi- 
direct ; (3) indirect. Costs of different systems of lighting. 


Importance of proper selection of colors of shades, hangings, and 
walls. 
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/ SUMMARY 


»\ A lightless world would be a sightless world. Work, pleasure, 
and culture are possible through light. Light is a form of energy 
brought to us by vibrations of the ether. It travels in straight lines 
and because of this, opaque objects cast shadows. Shadows are 
common in the home, where they should be avoided as much as 
possible. A 

Light rays are controlled by reflecting them, refracting them, ab- 
sorbing them, and diffusing them. To secure such control mirrors, 
prisms, lenses, and roughened surfaces are used. Light produces 
colors because some of its component rays are absorbed more readily 
than others. A color scheme for all interior decorations is important. 

Lenses are used to bend light rays to any desired angle so as to 
enlarge small objects or bring to a proper focus light reflected from 
some object to a defective eye. The microscope, stereopticon 
lantern, the reading glass, the hand lens, the moving picture pro- 
jector, and ordinary nose glasses are all machines for the bending 
of light rays. The camera and eye themselves both depend upon 
the double convex lens for their usefulness and both are built upon 
the same principle. Eye defects should be corrected with glasses. 
Nothing is more important than the hygiene of the eye. 

The rotation of the earth necessitates artificial light. The history 
of artificial lighting has been the development of devices of increas- 
ing light through the use of the tallow dip, candle, lamp, gas flame, 
mantle, and electric bulb. Improved lights at once developed the 
problem of proper illumination. The problem has been solved by 
the development of the direct, indirect, and semi-indirect lighting by 
means of specially constructed fixtures. To aid in proper illumi- 
nation, to give pleasing effects, and to prevent injury to the eyes, the 
proper coloring of shades, ceilings, and hangings now demands much 
thought and attention. 


/ 


Remember that: \ 
‘ 1. Light is a form of energy brought to us by vibrations of the | 
ether. 


2. Most objects are visible to us by reflected light. 
3. Light rays can be controlled and directed by the use of prisms, 
~ lenses, and different kinds of surfaces. 
4. The human eye as the organ of sight must receive special care 
to protect it from too much or too little light. 
\ 5. By modern devices, artificial light can be produced and properly _ 
~— distributed so that the human eye is not injured. esi 
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SPECIAL PROBLEM 


Learn how to read the gas and electric light meters. 

Suggestions: Observe the dials on both kinds of meters. Note 
the unit of measure on each dial. Both are read from the extreme 
left index to the extreme right index with the top unit of the gas 
meter indicating two units (Fig. 148). 


KILOWATT HOURS 





Figure 148. — METERS. 


A, gas meter; B, electric meter. How are these meters alike ? 
How do they differ ? 


When the hand on any index points to any spot between two 
units the lower figure is to be taken as the basis for computation. 
The numbers on the dials give you the correct amount of cubie feet 
of gas or kilowatt hours used. Read your gas meter at home and 
try to find out the exact number of cubic feet of gas you have used 
to date. Construct several dials on paper and at random move 
the hands about the dials. Now try to read your meter dials. 
This gives good practice. 

Secure your last gas bill and note the number of feet used at 
the time the meter was read. Find out what your gas bill would 
be to-day. See if you are using the average amount of gas. If not, 
try to account for the difference. 
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, Read your electric meter the same way, computing the cost in 
kilowatt hours to date. Try to account for possible causes in 
increase of electric bills. Which kind of light is cheapest in the 
long run? Explain. 


THOUGHT QUESTIONS 


1. Everybody casts a shadow. Why? 
2. Sun shadows cover a larger area at one time of the day than 
at another. When are they longest? Explain. 
3. Can a piece of glass cast a shadow? Explain. 
4. The walls of courts and air shafts are often painted white. 
Why? 
5. Many people form the habit of reading on trains. Is this a 
good habit? Explain fully. 
6. Why do small fish often look large in an aquarium? 
7. What is the economic advantage of packing olives or other 
fruits in glass jars? 
8. Why should seats be arranged in a schoolroom to allow the 
light always to come from the left? 
9. What light is injurious for studying purposes? 
10. How can rooms be well lighted by sunlight even though the 
sun does not shine directly into the room? 
11. How will a tablecloth make a room look brighter? 
12. Explain fully just how a gas flame and an electric bulb make 
light. 
13. What makes the moon shine? 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Burns. Great Inventions. Harper and Bros. 

Davis. Making Your Camera Pay. McBride Co. 

Eastman Kodak Company. How To Make Good Pictures. 
Fish and Fisher. How To Live. Funk and Wagnalls Co. 
Gibson. Romance of Modern Photography. J. B. Lippincott Co. 
Lubschez. Story of the Motion Picture. Van Nostrand Co. 
Luckiesh. Lighting the Home. Century Co. 

Lynde. Physics of the Household. The Maemillan Co. 
Tappan. Wonders of Science. Houghton Mifflin Co. 
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CHAPTER X 


MAGNETISM AND THE WORK OF ELEOTRIOITY 


- 


I'm the spirit of ight and love, 
To my unseen hands, ’tis given 
To pencil the ambient clouds above, 
And polish the stars of heaven. 
I scatter the olden rays of fire 
On the horizon far below, 
And deck the skies where storms expire 
With my red and dazzling glow. 
— “The Song of Lightning’’: George W. Cutter. 


Do You Know How a Compass Works? 


Why does its needle point north? How do you sup- 
pose that objects become magnets? Would you like 
to know how to magnetize an object? The motorman 
calls electricity ‘‘ juice.” What would you call it? How 


can one “make” electricity? How can you make it 
flow? Would you like to know how it can be controlled 
and made to do work? You can work any number of 
experiments which will give you much information on the 
whole subject of electricity. 





Some Practical Questions: 

1. Why may one get a severe shock if his hands are wet when 
he touches a wire through which an electric current is passing ? 

2. How are magnets put to practical use in everyday life? 

3. What is meant by a short circuit and why are short circuits 
dangerous ? 

4. Why are glass insulators used on telephone poles to carry the 
wires? 

5. Why may a compass not work in or near a power house? 

285 
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Home Problem. — Watch the play of lightning during a 
thunder storm and note the different types of lightning flashes. 
Follow the progress of the storm by noting the time elapsing be- 
tween the lightning flash and the clap of thunder, counting four 
seconds to the mile. 

Field Problem. — Watch the men who lay and adjust the electric 
light wires and cables in your town or city. Ask them questions 
about the construction and working of the electric ight system and 
report your findings to the class. 


1. MaGnets anD THEIR USE 


245. The Compass. — Every sea captain would be lost 
without a compass. This simple instrument has saved 
thousands of lives both on land and sea. Everyone who 
walks much or takes long tramps 
across country should carry one of 
these small and wonderful instruments 
(Fig. 149). Just how a magnetic needle 
works can be shown in a very simple, 
experiment which you can easily work 
at home. 


Suggested Experiment. — Get a horse- 

shoe magnet and a small compass. 
A. Place the compass fiat upon the 
Ficure 149.—ASIMPLE table. Watch the action of the needle. 
COMPASS. Revolve the dial until the letter ‘‘ N ”’ is 

Note the points of the beneath the point of the needle. 

compass. Where is the B. Hold the points of the magnet di- 
magnetic north indi-  yectly over the compass. Revolve the mag- 
cated? How would the 
Me disindicaté north? wee slowly and watch the compass needle. 
southeast? How could Note if any particular end of the magnet 
you use a compass ? attracts the north pole end of the needle. 
Now hold the end of the magnet which 
attracts the north pole of the needle near the south pole of the 
needle. Watch results. Finally hold the other end of the magnet 
near the south pole of the needle. Noteresult. Which is the north 
pole of the needle? Which is the south pole? Which is the north 
pole of the magnet? Is this marked? What happens when the 
north pole of the magnet is placed near the north pole of the compass 
needle? near its south pole? What is the effect of the magnet 
upon the compass needle? Now hold your jack-knife blade near 
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the compass. Why should one never try to use a compass when 
some metal such as a jack-knife is close to the compass? 


246. How Objects Become Magnets. — Some things, 
like the earth, are natural magnets; others are magnetized 
by artificial means 
as in the case of 
a needle, which one 
can magnetize with 
amagnet. Any bit 
of steel can be made 
into a magnet by 
rubbing it against a 
lodestone, a kind of 
ore found in abun- 
dance in Asia Minor. 
If two magnets are 
placed near each 
other, the north 
poles of each magnet 
will repel each other 
as will also the south 
poles, but the north *— peas 

FicureE 150.— LINES oF FORCE ABOUT A 
and south poles of HorRSESHOE MAGNET. 
two magnets will Note how they cross from pole to pole. 
attract each other. 

__ Thus, like magnetic poles always repel and unlike magnetic poles_ 
always attract each other. Soft iron easily becomes magnetized 
but soon loses its magnetism. Steel is harder to magnetize, 
but it retains its magnetism a long time. 

247. How a Magnet Works. — The very fact that the 
magnet caused the needle to move means that work was 
done. Work requires force. Where was this force hiding? 
How did it act? 





Suggested Experiment. — Get a sheet of stiff writing paper 
about four inches square, some iron filings, and a horseshoe magnet. 


288 Magnetism and Electricity 


Pour some of the iron filings upon the center of the paper. Holding 
the paper in one hand by its edge, place the poles of the magnet 
under the paper, touching it in the vicinity of the filings. Note 
what happens. Do the filings move? In any particular direction? 
Do they form any particular 
pattern about the poles of the 
magnet? Do the filings form . 
an indistinct line between the 
poles? Write out the conclu- 
sion in full in your Science 
Discovery Book. This experi- 
ment will be valuable to you 
later. 


Xx . 248. Lines of Force. — 
Your experiment showed 
you that there are lines of 
force (Fig. 150) between 
the poles of the magnet 
Ficure 151.— Macnetizep anp De- because the filings Swere 
Seen tere forced to arrange them- 
At b the molecules are in alignment, selves along these lines. We 
all like poles pointing the same way. call the region of the lines 
Here weaves Inats eel of foree the magnetic. ld 
happened? In the lower picture what but the power of this field 
effect does a magnet (x) have on the naturally becomes less aad 
i ole of a demagnetized piece of less as objects are moved 
away fromit. If a magnet 
is heated or suddenly pounded, its lines of force disappear 
and it loses its power as a magnet. The molecules have 
become thrown out of alignment (Fig. 151). 








2. How Execrriciry May Br GEeneraTeD 


249. A Simple Way of Producing Electricity. — Hundreds 
of years ago the Greeks discovered that if certain substances 
are rubbed together, they then have the power of attracting 
certain other objects. One of these substances which they 
used was amber, the Greek word for which is “ electros,”’ 
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hence our word “ electricity.” How can you in the class 
room make electricity? This is extremely: easy. 

250. Frictional Electricity. — If one will rub a rubber comb 
with a flannel cloth and then bring the end of the comb near 
a faucet or chandelier, a spark of electricity may be seen and 
a snapping sound will 
be heard. Rubbing a ay a 
eat’s back in the dark a ——£ 
on a cold night will give» *<2? > 
the same result. These 
are electric charges or 
frictional electricity. 
(Fig. 152.) Ficure 152.— FRIcTIONAL ELECTRICITY. 

Bb jsWeke Taleo Tel Peg Da 8 
tricity ?— Noone knows In which direction are the electrons going ? 
just exactly what it is, Why? a’, metal bar now holds electrons 
but we know a good ere hea eae a few electrons 
many things about it 
through observing how it acts or what it does. We cause it 
to do all sorts of useful work for us such as propelling cars, 
automobiles, and boats; furnishing light; ringing bells; and 
carrying messages. 

A thimbleful of air contains 6,000,000,000,000,000,000 (six 
quintillions) of molecules. Molecules are composed of smal- 
ler bodies called atoms. An atom consists, according to 
recent study, of a nucleus of posvtive electricity, called the 
proton, surrounded by units of negative electricity called 
electrons. These electrons move about the nucleus much as 
our earth moves about the sun, and some of them travel at 
the rate of some 90,000 milesa second. These electrons are 
what we know as electricity. 

252. Positive and Negative Charges of Electricity. — 
If the total negative charge of the electrons of the atom 
equals the positive charge of the proton, the atom is unelec- 
trified. If the negative charge is decreased by a loss of 
electrons, the atom is said to be positively charged. If the 


& 
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negative charge is increased by an addition of electrons, the 
atom is said to be negatively charged. Objects with opposite 
charges attract each other; objects with like charges repel 
each other. If the difference between the charges on op- 
positely charged objects is great enough, a spark will occur 
when they are brought close together. 

253. Frictional and Current Electricity. — Frictional elec- 
tricity was the only kind of electricity that any one knew 
anything about until around the year 1830. It can do little 
valuable work. It destroys, but does not build. There 
must be a steady stream of electrons through substances to 
do work. If electrons are set free from the atoms and move 
along a conductor, they form an electric current. When cur- 
rent electricity was discovered and controlled, work could be 
done. Frictional electricity has high voltage (pressure) but 
low amperage (rate of flow). Current electricity has not 
only a high voltage but also a good amperage and for that 
reason is very useful in the world’s work. 


3. How E.vecrriciry Can Be Maprt to Do Work 


_ 254. Common Storage Cells and Their Use. — In this day 
of automobiles and radio almost everybody knows some- 
thing about the storage cell and its importance (Fig. 153). 
It is essential in the radio to heat the tube filaments and in 
the automobile in starting, lighting, and in the ignition sys- 
tem (to fire the spark plugs). How can a simple storage cell 
be made? 


Demonstration 27 (Teacher’s Demonstration): Problem: How 
can a storage cell be made and used to do work? 

Materials: Two pieces of sheet lead, three by six inches in size, 
with a hole near one end of each; two pieces of copper wire, each 
one foot long and connected at one end to one of the holes in the lead 
sheets; a glass jar; sulphuric acid; an electric bell; and four dry 
cells. 

Method: A. Pour three or four tumblers of water into the glass 
jar. Now slowly pour 14 tumbler of sulphuric acid into the water. 


Electroplating 29] 


Caution: Keep this acid off your hands and clothes. Always be ‘sure 
that you pour the acid slowly into the water and not the water into the acid. 
Lower the plates into the jar. You now have a stazage cell. 

B. Connect the four dry Gels i in series — from ae carbon (center 
post) of one to the zine (outside see Attach the 
wires from the lead plates to the two ry terminals. You 
have now formed a circuit and elect 

C. Let the cell charge for a fey, 
cell battery and connect the stor, 
the bell. 


Carbon Binding Post 


















and Powdered, C 





FicureE 153.— A Dry CELL. 
Find an old cell, take it apart, and find each part here indicated. With 
the help of your teacher find out the use of each part here labeled. What is 
a common use of dry cells? 


Observations: What do you notice collecting on each plate? 
These are hydrogen and oxygen bubbles. What forms the bridge 
to carry the current across in the jar? Whereis the electricity being 
stored? What makes the bell ring? Where did this energy come 
from? Where was it stored? Examine the plates. Note the 
brown covering of one plate. This is lead dioxide. It is a com- 
pound of lead and oxygen. Where did each come from? What 
happens to these elements in the storing process? 

Conclusion: How is the storage cell made? How does it do 
work? 

255. Electroplating. — Plating metals with silver or 
similar metals keeps them from rusting and makes 


Carbon Rg wr ih 


Soft Porods»Paper tue” 
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them look much better. Plating a cheap metal with a fine 
metal is cheaper than buying a solid article of fine metal. 
Thus we have plated gold watches and plated knives, forks, 
and spoons. How is plating done with an electric current? 


Demonstration 28: Problem: How may one copper plate a piece 
of metal? 

Materials: One pound of copper sulphate; a glass jar; water; a 
battery of two dry cells; a carbon rod from an old dry cell ; a strip of 
copper 2 X 6 inches; a wire nail; asmall iron spoon, and sandpaper. 

Method: Put one quart of water in the jar and dissolve in this a 
half-pound of the copper sulphate. Let stand over night. Pour off 
about two-thirds of the solution into a clean cell jar. Connect the 
earbon rod and the copper strip with the two dry cells set up in 
parallel —carbon to carbon; zine to zine. (Besure to get the carbon 
rod connected with a zine binding post and the copper strip to a 
carbon binding post.) 

Now without letting them touch, lower the carbon rod and the 
copper strip into the copper sulphate solution. Beginning at the 
carbon of the battery, the current runs through the connecting 
wire to the copper strip; through the solution to the carbon rod; 
through the connecting wire to the zine of the cells; and back to 
the carbon of the battery again. 

Observations: After several minutes examine the carbon rod. 
What has happened to it? The current takes the copper out from 
the solution and puts it where? The solution then dissolves more 
copper out from the copper strip. This uses up the copper strip. 
How is the solution changed every moment? 

Reverse the wires, attaching carbon to carbon pole and copper 
to zine pole. Immerse the carbon and copper and see what happens. 
Where is the copper now? Explain what has happened. How 
does plating depend upon the direction of the electric current? 
Sandpaper the nail and the iron spoon. Attach them in the circuit 
and copper plate them. 

Conclusion: Explain how copper plating is done. 


256. Importance of Electroplating. — The only difference 
between copper plating and silver, nickel, gold, and tin plat- 
ing is (1) in the kind of strip (plating material) to be dis- 
solved by the electric current and (2) the kind of solution used 
to carry the current from the plating material to the other 
pole. The principle is always the same. The metal used 
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Ficure 154.— THE Copper PLATE Usep To Print Pace 262 of Tu1s Book. 


For this reproduction the half-tones (pictures) of the plate were dusted with 
a white powder to bring out the images better. 
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for the plating and the solution must be alike in nature. 
All gold, silver, and copper plating is done in this manner. | 

Most magazines and books are printed from copper plates 
made by the electroplating method (Fig. 154). Thousands 
upon thousands of books can be printed from these plates 
while the original type can be distributed or, if it was lino- 
typed or monotyped, can be melted and the metal used again. 
Electroplating makes possible the enormous number of books 
and magazines. It is easy to see that the discovery of the 
method of causing an electric current by the use of a battery 
has been a great factor in our present education and the in- 
dustry of the world. Explain this. 

257. The Importance of Current Electricity. — Batteries 
may give us spot lights, ring our door bells, carry our telephone 
and telegraphic messages, make the radio possible, and help 
move our automobiles. But when we come to the matter of 
steady lighting, heating, and work, we must have a con- 
tinuous current of electricity of a constant and even strength 
and amount. This can be obtained only by current elec- 
tricity produced by a dynamo in a power house. 

Power house electricity runs our trolley cars, many of our 
railroads, some of our steamships, and many of our industrial 
plants. Most of the lighting of our towns and cities de- 
pends upon the same source. 


4. How Exectriciry Can Br ConTROLLED IN THE HoME 


258. How Electric Currents Are Controlled. — Copper 
is an excellent conductor of electricity because the electrons 
can flow easily along it. But there must be some method 
of controlling this current, shutting it off or turning it on 
when desired, and there must be a means of protecting 
the building from an overload of current. Too much cur- 
rent may melt the wires and cause a fire. What are the 
pieces of apparatus used to make and control an electric 
current? 


4 
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Demonstration 29: Problem: How can an electric circuit be set 
up and adjusted for proper control? 


Materials: 10 or 15 feet of No. 24 insulated electric wire; a flush 
switch; a snap switch; a knife switch (Key Picture 10); two 
15-ampere cartridge fuses; two 10-ampere plug fuses; about 4 
inches of 4-ampere fuse wire; two lamp sockets; one 15-watt and 
one 30-watt incandescent bulb; several sheets of asbestos; about 
10 feet of No. 30 nichrome resistance wire or 30 feet of No. 30 Ger- 
man silver wire; a pine or spruce board 3 inch thick, 10 inches wide, 
and about 6 feet long; one dozen porcelain wire cleats; some 
shingle nails; and one cartridge fuse block to be used as a fuse gap. 
(See Key Picture 10.) 

Method: Set the board on edge and support it with a firm base or 
fasten to the wall near an electric light socket (outlet). Cover one 
end surface of the board with the asbestos sheets. Over.this as- 
bestos fasten the nichrome or other uninsulated wire. At intervals 
on the board fasten the other parts of the apparatus as shown in 
Key Picture 10. Bridge the fuse gap with No. 24 wire. Connect 
one binding post of each of the two cartridge fuse blocks with the 
electric light socket by a piece of the No. 24 insulated wire, connect 
the other ends of the wires to an ordinary plug, and put the plug 
into the socket. With no power house current 4 to 6 dry cells con- 
nected in parallel with small decorative bulbs and sockets may be 
used. When all parts are securely fastened, place the two bulbs in 
the sockets and close all the switches. 

Observations: What happens? Is the circuit complete? Now 
open the knife switch. What happens? Is the circuit complete? 

Conclusion: Explain now how an electric circuit is set up and 
how tested to see if the circuit is complete. This is the most im- 
portant demonstration of this whole chapter. Write it out in your 
Science Discovery Book with great care. 


259. Making and Breaking an Electric Circuit. — The 
flow of electricity around a circuit might be compared to 
the flow of water in a circular sluiceway or irrigation ditch. 
If, in the case of the circular water sluiceway, you opened a 
hole in the side, the water would soon all flow away, leaving 
the ditch empty, or if you put a partition across the ditch, 
you would stop the flow or break the current of water. It 
would not be continuous. What effect would a partition 
have on the volume of water on either side of it? 


*< 
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Just so in the electric circuit, a wire lying across your 
circuit will carry off your electricity. If the wires are not 
insulated, much of the electricity will be lost. Or if you 
open up a place in the circuit making an air gap, the elec- 
tricity cannot jump this gap and you have broken the circuit. 
Just how this is done can be well shown with your apparatus. 


Suggested Experiment. — Close the circuit (if it is not already 
closed) and see that the bulbs are burning. Now lift the knife blade 
of the first switch. Note the space (air) between the blade and the 
slot. Why do the lights go out? Of what advantage is this ar- 
rangement in a school? in a home? Now close the switch and 
note the effect. Of what are the switch slot and blade made? 
Explain. 

With the circuit closed, unscrew the smaller one of the bulbs. 
What happens? What have you done? How does this affect 
the other lamp? If aswitch happened to be out of order, how could 
you control your lights? 

Next turn off the snap switch. What happens? Where are these 
switches mostly used? Arethey used on bulbs? Take apart asnap 
switch and see just how it is constructed and how it works. Be able 
to explain this to the class. 

Finally, examine the flush switch. With the other switches closed 
press one of the buttons of the flush switch and note what happens. 
Where are these switches commonly used? What is the advantage 
of these switches over the other types? Take the back off one of 
these flush switches and see how it is made and how it works. 
Examine the switches in your school, your church, and your home. 
Note where each type is located, determine why it is used where 
you find it, in preference to other types. Trace the circuit in your 
own home and be able to tell how it is insulated and how it is 
controlled. Make note in your Science Discovery Book of any im- 
portant facts you have learned here. 


260. Importance of Fuses in a Circuit. — It is not an 
uncommon experience to have your home put in total dark- 
ness by someone who is repairing a socket or connection in 
an electric iron or heater. The darkness is the result of the 
blowing out of a fuse somewhere on the line. Such fuses 
are frequently (almost always) found in a wall box in the 
cellar. They are generally 10-ampere plug fuses and two 
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or three extra ones should always be Ket on hand for just 
such emergencies. It is well to know the construction of 
fuses and how they are inserted, for it may save you the trou- 
ble and expense of securing an electrician. (See Key Pic- 
ture 10.) To learn something practical about fuses a simple 
demonstration may be worked as follows: 


Demonstration 30: Problem: How do fuses work and why are 
they important ? 

Materials: The same as in Demonstration 29 ; also a wooden plug, 
to fit one of the lamp sockets, through which have been driven 
two wire nails in such a way as to have them touch the contact 
points at the bottom 
and side of the socket 
and have about } inch 
or so of the nails stick- 
ing out of the plug 
towards you. 

Method: Place the 
4-ampere fuse wire 


Metal Top Mica Covering 





across the fuse gap Contact Point Fuse from Side 
between the two bind- Ficure 155.— THE Piuc Fuse. 

ing posts and fasten it What is the use of the mica? the contact point ? 
in securely. Caution: the fuse wire ? 


Before doing this, be 

sure that all the switches on the upper wire are open! Now put the plug 
in a socket so that the nails will touch the contact points. See that 
there is no lamp in the other socket. Now shut the switches on the 
upper line. Does anything happen? Can you explain this? 

Open the switches. Renew the fuse wire. Remove the insula- 
tion from the ends of a 3 ft. piece of wire. Close switches. Touch 
one end of this wire to one of the nails in the plug and the other end 
to a water pipe or radiator. What happens? Try the other nail 
in the same way. What happens? 

With the switches open, stretch another piece of fuse wire in the 


fuse gap. Touch the nail that worked in the preceding paragraph — 


with the central contact point of the electric bulb, and the side con- 
tact of the bulb with the wire from the radiator. Close the switches. 
What happens? Explain. r. 

Norge. — A 4-ampere fuse wire will carry a little more current’ 
than 4 amperes without melting. Your 10- and 15-ampere plugs 
and fuses will also carry a little more than indicated. 


ee. 
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What would happen if you put a heavy copper wire across the 
fuse gap and then sent a current greater than 10 amperes through 
the line? Suppose you put a 20-ampere plug in the fuse sockets 
and ran a 40-ampere current through your line. What would 
happen then? 


Observations: Write out in full in your Science Discovery Book 
what you saw happen. 

Conclusion: How doesafuse work? Of what value is it ona line? 

Practical Applications: Observe your plug fuse box at home. 
Note the fuses. How many circuits have you in the house? If a 
fuse blows, learn how to find out which one has blown and how to 
put a new one in. 


Fuse wire is composed of a very soft metal and has a very 
low melting point. A lighted match, held close to it, melts it. 
It can carry a certain strength of current but its resistance to 
any heavier load is so great that it gets hot and melts. The 
fuse is blown, so breaking the circuit. You may have caused 
a fuse to blow by “ short circuiting”?! the current. In doing 
so, you gave the current an easy path to follow by greatly 
reducing the resistance. If this 4-ampere fuse had not blown 
out, the more expensive plug or cartridge fuses would have 
blown. If no fuses had been placed in the line in which you 
caused a short circuit, the copper wires in the wall of the 
building would have become red hot and, if they were not 
steel covered, might have caused a fire. Or if steel covered 
they might have melted, breaking the circuit and causing 
great expense in finding the break and inserting new wiring. 
A fuse never allows a current much greater than that marked 
on it to flow through it without melting it. This protects 
the circuit and the building. 

261. Grounding the Circuit.— We do not ground the 
electric current in our house lighting circuit, but it sometimes 
is accidentally grounded and may cause a “ blow-out”’ or cut 
off our light in some part of the house by giving the current 
an easy way of getting back to the power house through 


1“ Short circuiting ’’: allowing an electric current to take a 
short cut, thus reducing the resistance and increasing the current. 
= 
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Thomas Edison (1847- _—) 


Edison was born at Milan, Ohio, February 11, 1847. As a young news- 
boy on trains of the Grand Trunk railway, in spare time he experimented 
with chemicals and ran a printing press in one end of the baggage car. 
At sixteen years of age he was a telegraph operator, but so busy was he 
thinking out improvements on his telegraphic instruments that he let 
messages pass unanswered, for which neglect he was discharged. 

He soon invented the microphone and carbon transmitter which had 
much to do with the development of the telephone. Then came the quad- 
ruplex telegraph, the perfection of the Remington typewriter, and the 
phonograph. 

Perhaps his greatest contribution to the present age is the electric light. 
To perfect it cost him untold labor and a world-wide search for a proper 
material for filaments. He next perfected the electric motors on street cars. 

All these great additions to our present comforts we owe to the endless 
labor of this man, who sleeps but four hours out of every twenty-four and 
calls his work pleasure. Edison has turned out as many as 100 inventions 
in one year. Two of them are very popular to-day: the moving picture 
machine and the storage battery. 

Edison says: ‘‘ Genius is 1% inspiration and 99% perspiration.’’ No 
other man in the world’s history has ever developed so many examples of 


applied science. 
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the ground. A demonstration with the apparatus will show 
how this is done. 


Demonstration 31: Problem: How is an electric circuit grounded 
and why is it important that you know the dangers of grounding ? 

Materials: The same as in Demonstration 29. (Key Picture 10.) 

Method: Open all the switches. Put in new fuse wire. Insert 
the nail plug. Connect one bare end of the insulated wire to a 
water pipe, water faucet, or the steam radiator. Fasten the other 
end to one of the nails. Now close the switches. If nothing hap- 
pens, fasten the wire to the other nail. What is the wire to the pipe 
doing for the current ? 

Disconnect the wire from the nail. Put in a new piece of fuse 
wire. Touch the bottom of an electric bulb to the nail which 
produced results before and touch the wire from the pipe to the 
brass side of the bulb. Note what happens. 

Remove the wire from the side of the bulb. Between the two 
switches place a piece of wire with its insulation removed. Stand 
on a dry spot or put on rubbers. Close the switches. Touch the 
bare wire with one hand. Keep the other hand free. What happens? 

Norn. — If, at the same time, you touched a water pipe with your 
other hand, your body would conduct and ground the circuit. Why 
do you stand on a dry spot? 

Observations: Write fully in your Science Discovery Book what 
happened. 

Conclusion: Write out your conclusion. What must one always 
avoid in holding live wires? 

Practical Application: Why is not a bird electrocuted! when it 
perches on a live wire? If a man is obliged to pick up a live wire, 
where should he stand? Why is it best always to leave live wires 
which have fallen into the street alone? How could grounded 
circuits occur in your home? 


262. The Electric Arc. — An arc light in the street is of 
great use, but an arc ? on a house circuit is a dangerous thing. 
One should never set up the conditions for the formation 
of an arc. Wires loosely connected in a socket can form an 
arc. If the ends of the wires are not twisted around and out 
of the way, they may come close enough together to form 

1 Blectrocuted: killed by an electric current. 


2A bow of flame, formed when a strong current jumps across 
the space between two adjacent electrodes (current carriers), 
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an are. Two bare wires should never be twisted about each 
other and then taped. Each wire should be taped separately 
if the wires must go side by side. The danger from contact 
of broken or loose wires is great. For this reason there is 
always danger in an extension light because the constant 
moving of the light may wear off the insulation and cause 
an are, or the connections may become loose. 

In connecting electric utensils, it is always wise to turn on the 
socket switch first. -Then push in the plug of the attachment. 
In disconnecting, always leave the socket switch alone until the 
plug is fully disconnected. This precaution is necessary because 
it often happens that the snap switch of the socket becomes worn, 
does not have enough spring in it to form a good wide gap and an 
are is set up in the socket. A sizzling noise in the socket is a sure 
sign of an are. Unscrew the socket plug at once and turn off the 
current at the fuse plug in the cellar. Have an electrician examine 
and adjust the socket or put in a new one. 


263. Parallel Circuits. — You know from experience that 
the removing of one bulb has no effect upon the other bulbs 





Electric Fan 


eA 


Washing Machine 


FicurE 156.—How Houses ARE CONNECTED AND WIRED IN PARALLEL. 

If the street lamp goes out, will it effect the lights in the two houses ? 
Why? The washing machine and electric fan are independent of each 
other. How can this be? Explain fully. 
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in the circuit. Why is this? Simply because all houses are 
wired in parallel. There are always two parallel lines or 
wires across which all lights are connected. As the current 
comes along the circuit from the wall outlet, it will meet the 
first bulb socket. If the switch is off or no bulb is in the 
socket, the current passes on to the next light. 

Study Figure 156 and answer all questions upon it. 

What is true of the circuit in one house is also true of the 
larger street circuit. All houses have their circuits connected 
with the street lines, which are also in parallel. Thus if one 
house shuts off its current for the summer, it has no effect 
upon the current to the other houses on the same block. 

264. How Electricity Is Sold. — Inspection of an electric light 
bulb will often show a label stamped on the end of the bulb indicat- 
ing the number of watts or units of power the light will use. A watt 
is a unit of power so named in honor of James Watt, an English 
inventor who lived from.1736 to 1819. Sincea watt is a very small 
unit of measure, 746 watts equaling one horse power, 1000 watts 
or 1 kilowatt is used as the unit of measure and we buy our elec- 
tricity in kilowatt hours. If 1 klowatt hour costs 10 cents, then one 
ean use 1000 watts one hour for 10 cents. To find out how many 
watts you are using each hour, say in an electric iron, you simply 
multiply the number of amperes which the iron earries (say 5), in- 
dicated on the iron, by the voltage, which is generally 110, and you 
get the watts, —550. If 550 is divided by 1000 watts, the number 
of watts in a kilowatt, we get .55 of a kilowatt. At 10 cents per 
kilowatt, the iron will cost .55 of 10 cents or 54 cents an hour to 


use. 

265. Electric Current and the Work of the World. — Heat, 
light, and power may be frequently produced by electrical 
energy. We know practically nothing of the nature of 
this wonder worker, but we use it as freely as water. It is 
clean, quiet, easily handled, powerful, and efficient. More- 
over, it is cheap. It is the greatest helper we have in this 
age of industry, comfort, and labor-saving devices. It makes 
crime less attractive. How? It makes possible the auto- 
mobile, the trolley car, the electric motor. It is a mysterious 
power which men will continue to study and use. No factor 
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General Electric Company. 


FicurRE 157.—Two GREAT MASTERS OF ELECTRICITY, THOMAS EDISON AND 
CHARLES P. STEINMETZ. 


The world is a better place in which to live because of the untiring work of 

these investigators. 
of our environment is more interesting to study or is more 
useful in making our lives more comfortable than this 
peculiar form of energy. It has been without doubt the 
greatest factor in the tremendous industrial progress of the 
last twenty-five years, a period now known as the Age of 
Electricity. 
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REVIEW OUTLINE 


1. The Compass: (1) Use; (2) comparison to a magnet; (3) re- 
lation to the earth. 

2. Magnets: How produced; poles. How magnetism is pro- 
duced in objects. How a magnet works. Lines of force. 

3. Frictional Electricity: How produced. Kinds. Conductors 
and non-conductors. 

4. The Nature of Electricity: Molecules; atoms; protons; elec- 
trons, stationary and free. The frictional flash. 

5. Current Electricity: Comparison with the frictional form; 
how generated ; positive and negative poles. Storage batteries: 
structure; uses in automobiles, radio, ete. 

6. Uses and Control of Electric Currents: Importance of constant 
current. How made and broken. Switches. Lamps. Resist- 
ance. Fuses; structure and importance. Short circuits; how 
produced, how prevented; dangers. Grounding of Circuit: 
Nature; cause; dangers; how prevented. Electric are: Nature; 
cause; dangers; how prevented. Parallel circuits: Nature; 
importance in the home. 

7. How Electricity Is Sold: Watt; kilowatt. Meaning. James 
Watt. How amount of current used is computed. 

8. Electricity and the Work of the World. Greatest factor in: 
(1) industry; (2) home; (8) transportation. 


SUMMARY 


The invention of the compass was a great stride in the history of 
civilization. Because of its tendency to point towards the magnetic 
north pole of the earth, it is a safe guide in travel on the seas. 

The use of the compass developed the magnet. A study of the 
magnet disclosed the lines of magnetic force about its poles—.The 
work of eminent scientists showed that a wire when revolved be- 
tween the poles of a magnet produces an electric current, Further 
study showed that an electric current is a movement of extremely 
small particles of energy called electrons. Electric current may 
be produced by dynamos and stored as chemical energy. The storage 
battery is of great use in producing strong currents for short periods 
of time, as in the ignition of an automobile, for testing, and in the 
radio. The dynamo produces an even current of great strength 
and so is used to supply power, light, and heat. 

Current electricity is controlled by switches, by the size of the 
wires used, and by fuses. Too high amperage on a line blows the 
fuse. The blowing of the fuse prevents fires. Dangers in electric 
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circuits arise from short circuits, grounding, and electric arcs. All 
can be prevented by care and by use of special conduits, insulation, 
and skill in making connections. 

Electric current is sold by the watt, the kilowatt-hour being the 
ordinary unit. The amount of electrical current used in one hour 
may be computed by multiplying the amperes by the volts used. 
Electricity is the wonder worker of the age. 


Remember that: 


1. An electric current is a form of energy. 

2. Current electricity is a movement of electrons along a con- 
ductor. 

3. Electricity will always follow the line of least resistance, and 
it can be stored as chemical energy for future use in batteries. 

4. Electric currents can be controlled by the use of fuses and 
switches, thus preventing fires. 

5. Electrical currents can be generated by dynamos and carried 
long distances on wires. They can be measured and used to light 
buildings, propel cars, supply heat, and run factories. 


THOUGHT QUESTIONS 


1. How may you magnetize a knife blade? 

2. Why is it best to put lightning rods on tall chimneys? 

3. Where is it best to stand during a thunder storm? Why? 
Where is it bad to stand? Why? 

4, What insulation is best for the wires about your home? 

5. Why are lightning rods carried deep into the ground? 

6. Why can a motorman stand on top of a trolley car and hold 
the trolley pole without receiving a shock? 

7. Why are automobiles seldom, if ever, struck by lightning? 

8. Why is it bad to put a 30-ampere fuse on a 15-ampere wire? 

9. How can you identify the poles of an unmarked bar magnet? 

10. Will the compass work best on wooden, iron, or steel ships? 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Darrow. The Boy’s Own Book of Great Inventions. The Mac- 


millan Co. 
Gibson. Electricity To-Day. J. B. Lippincott Co. 
Seaver. The American Boy’s Book of Electricity. McKay Co. 
Willoughby. Practical Electricity for Beginners. Manual Arts 


Press. Peoria, Il. 


NUMBER KEY TO PLATE III 


Agriculture: 1, primitive hoe; 2, sickle; 3, an early reaper ; 
4, an early cradle and thresher; 5, power harvester. 

Building: 1, cave-dwelling; 2, Indian lodge; 3, teepee; 
4, thatched hut; 5, log cabin; 6, a modern house; 7, a 
modern business block. 

Land Travel: 1, foot; 2, pole drag; 3, coach and four; 
4, early steam railway ; 5, trolley car; 6, limousine; 7, steam 
locomotive; 8, electric engine. 

Water Travel: 1, canoe; 2, raft; 3, schooner; 4, steam 
and sail; 5, modern steamer and motor boat. 

Air Travel: 1, kite; 2, balloon; 3, early dirigible; 4, mod- 
ern dirigible; 5, airplane. 

Communication: 1, fire; 2, stone tablet; 3, cannon; 
4, pony messenger ; 5, telegraph ; 6, newspaper ; 7, telephone ; 
8, radio. 

Water Power and Electricity: 1, water-mill; 2, modern 
power house and dam. 
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Pruate II].—Tue DevELOPMENT oF INDUSTRY. 


Follow each path with your eyes just as the boy and girl are 
doing. Using the color key at the side, trace all seven of the 
series shown. The number key on the opposite page will help 
you do this. Then write the complete story in your Science 
Discovery Book. 
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PART III 


THE IMPORTANCE OF INDUSTRY 


Scientific truths are often stranger than fiction. 
— Wood. 


Air, water, heat, electricity, and light are very com- 
mon yet very important factors of] your environment. 
The greatest thing you have discovered about these fac- 
tors in the last few chapters is the fact that they can all 
do work. It took man a long time to discover this fact 
for it is a long, slow process to find out new ways of using 
these factors in lightening work. 

Some people are always at work and we call them 
industrious. Industry is a special kind of work in which 
some useful product is the result. Industry developed 
as men found out some of the uses to which their environ- 
ment could be put. Raw materials were made into uten- 
sils, tools, machinery, vehicles, and buildings. To do 
this required energy, and men soon learned to use air, 
water, heat, electricity, and light on a vast scale to pro- 
duce enormous numbers of useful things. Varied in- 
dustries make possible greater populations, which mean 
a greater demand for and use of manufactured products. 
Industry feeds the people of the world and uses the natural 
resources of a country to increase the comfort and happi- 
ness of the people. 

You can gain from a study of a few selected industries 
a general knowledge of some industry in your own town 
and of the important principles used in the conduct of 
the leading industries of agriculture, manufacturing, 
building, transportation, and communication. 
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Key PicturE 11.— TRANSFORMATION AND USES OF ENERGY. 


Study each picture until you see the relations of all the parts. What is the 
relation between 1, 2, 3, and 4in the lower picture? What caused 1 to grow? 
What really pulls the load up the hill ? 

Oil and coal are products of organisms which lived millions of years ago. 
What, then, really makes the train, the truck, the sedan, and the steamship 
move ? What really runs the factory ? Now tell the whole story of each 
picture. 
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CHAPTER XI 


THE WORK OF AIR, WATER, HEAT, AND ELEOTRIOITY IN 
INDUSTRY ; 


Joy to the Toiler! — him that tills 
The fields with plenty crowned; 
Him with the woodman’ s axe that thrilis 
The wilderness profound; 
Him that all day doth sweating bend 
In the fierce furnace heat; 
And her whose cunning fingers tend 
On loom and spindle fleet! 
A prayer more than the prayer of saint, 
A faith no fate can foil, 
LTiwes in the heart that shall not faint 
In time-long task of toil. 
— Benjamin Hathaway, “‘ Songs of the Toiler.’’ 


What Do You Know about a Factory ? 


Did you ever go into one? Would you like to enter 
one and find out how work is done in it and where the 
power comes from that runs it? Did you ever stop to 
think where all the machinery comes from? Do you 
suppose that heat ever had anything to do with the making 
of this machinery? Do you know just how a steam engine 


works? How can it run the factory? Do you know how 
water power can be made to take the place of a steam 
engine? Do you want to find out? Have you ever 
thought just what makes an electric fan work? Many 
shops are run by electric current. Where does it come 
from? How does it turn the wheels of the factory? 
Well, you can find out all these things in this chapter. 





309 


310 Air, Water, Heat, and Electricity 


Some Practical Questions: 
1. What is the most common form of energy used in manu- 


facturing to-day? 
2. How can you prove that most factories are run by preserved 


sunshine? 
3. Why must heat energy always be changed to motion in a 


factory? 
4. One hundred years ago, all mills were on streams. Give 


reasons why few mills are now on streams. 

5. With what industry is your family most closely connected ? 

6. Is this industry the production of a raw material or the 
manufacture of a finished product? Explain. 

7. Suppose that all men should at once decide to become 
farmers. Explain fully all the results that would follow this action. 

Home Problem. — Secure, if possible, a small soldering set and 
mend some leaks in your mother’s tinware with it. As you work, 
explain the action of the heat on the solder and what happens to 
the solder to make it of value in mending. Explain the use of the 
acid. Report to the class. 

Field Problem. — If possible, study and observe the transforma- 
tion of energy in a steam derrick or shovel. Find out just how the 
machine works and determine how many men’s labor it saves. 


1. Way Do Men Work? 


266. What Is Industry ?— The control and use of the fac- 
tors of our environment in the production of useful materials 
is called industry. Examples are mining, manufacturing, 
building, transportation, agriculture, the preparing and 
using of food in the home, and the communicating of mes- 
sages by mail, telephone, telegraph, cable, and wireless. 

267. How Industry Began. — In the earliest times men 
were nomads,’ wandering over the surface of the earth in quest 
of food and shelter. They lived in caves, sheltered cafions,2 
or deep forests, and fed upon roots, wild fruits, and such 
animals as they could kill by use of stick or stone. As time 
and experience developed their reasoning powers, they 
learned in their hunting to capture alive and save some 


1 Nomads: wanderers. 
? Cafions: deep valleys with high, steep walls. 
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animals, thus producing a steady supply of food without 
much exertion in hunting. Thus herding began as an 
industry. The skins of the animals were used as cloth- 
ing and their meat fed the tribe. Soon man discovered the 
gainful side of work and the advantage of exchanging one 
commodity! for another. Commerce then began. 


2. How Mopern Inpustry DEVELOPED 


268. Minerals and Machinery. — One of the great indus- 
tries is mining. Ores are dug out of the earth, refined, and 
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Ficure 158a.— THE BLast FurNACE (INTERIOR). 


What do the coke and lime do to the iron ore? What is slag? Why is 
hot air sent into the furnace ? What gases come out of the furnace P_ Which 
is heavier, iron or slag? 


1Commodity: a useful thing which can be bought or sold. 
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SOURCES, TREATMENT, AND PRODUCTS OF IRON 
ORE 


Raw Mareritats USED IN REDUCTION 


Iron Ore 
Limestone 
Coke or Carbon 


| PRODUCTS 


Blast Slag 
Furnace 
Ballast PROCESSES FOR 


Cement REFINING 


Fertilizer Open Hearth @ 
Pig Iron > Bessemer (@) 

iron 93 | Wectric Furnace ® 

carbon 4 Foundry @ 


other Puddle Mills ® 
matter 3 


100% 


| Dust 


Gases 
FInisHeD PRODUCTS 
Structural steel for buildings, bridges, 
rails, axles, sheet metal 
Nails, rods, bars, tubes, pipes, armor 
plate, castings, malleable steel 
Cutlery, tools, instruments, firearms 
Stoves, machines, ornamental iron work, 
implements 
Wrought iron, electromagnets, hinges, 
nails, forge work 
All the above are used in garden, on farm, in 
house, in manufacturing, transportation, com- 
munication, construction, arts, and sciences. 


Tron Ore Sourcns ReEpucTION CENTERS 


Lake Superior 81% Pittsburgh, Pennsylvania 
North Eastern 5% Chicago, Illinois 
Southern 12% Birmingham, Alabama 
Western 2% Cleveland, Ohio 
100% Gary, Indiana 
Buffalo, New York 
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made into machinery. Machinery is linked up with power 
and put to work. From the ore to the machine is an inter- 
esting story. Let us see how ore is refined. 


Demonstration 32: Problem: How is pure metal produced from 
ore? 

Materials: A piece of lead ore; a small quantity of lead oxide 
(pulverized lead ore containing oxygen); a blow, pipe; a Bunsen 
burner; and a-small block of willow charcoal with small hole 4 inch 
deep hollowed out of 
its center. 

Method: Placea 
small amount of the 
lead oxide in the hol- 
low of the charcoal. 
Blow against this oxide 
the flame of a Bunsen 
burner by use of the 
blow pipe. Blow 
steadily for some mo- 
ments watching the 
effect upon the oxide. 

Observations: What = as bal NEE OE 
change in colordo you’ Ficure 1588.—A Mopern BLAST FURNACE OF 
note? Does the oxide THE CARNEGIE STEEL ComMPANY (EXTERIOR). 
glow? What begins to Note the piles of ore on the charging side of 
appear on the surface the furnaces. Compare with Figure 158a and ex- 
of the oxide? What plain the principle of the furnaces as shown here. 
doesitresemble? This 
is pure lead. What element is found in every oxide? What ele- 
ments are found in pure lead oxide? What does the process remove 
from the lead oxide? With what element in the charcoal and what 
element in the gas of the flame might this element which is removed 
from the oxide unite? Explain. 

Conclusion: What really happens when ores are refined or re- 
duced? What do you suppose is used in the great smelting mills to 
remove oxygen from ores? Name several metals produced from ores. . 


269. How Ores Are Reduced. — Iron ore is iron oxide (a 
compound of iron with oxygen) mixed with carbon, sulphur, 
and small amounts of other elements. To get the pure metal, 
we must remove the oxygen and also any impurities from the 
compound. This is done by means of what is known as 
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FicurE 159.— The BESSEMER CONVERTER (INTERIOR). 


Why is this apparatus placed upon trunnions so that it can be inverted? 
Explain the function of each labeled part. 


a blast furnace, 100 ft. high and 25 ft. or more in diameter. 
The result is peg cron. Study Figures 158a and 158b and 





Brown Bros. 


FicuRE 160.— The BESSEMER CONVERTER 
IN AcTION (EXTERIOR). 


Compare this with Figure 159. What 
causes the flame which shoots from the 
mouth of the converter ? 


answer all the questions 
upon them. Can you 
tell how the sun really 
helps in refining ores? 

270. Production of 
Steel. — Five-sixths of 
all pig iron is made into 
steel. How is this ac- 
complished? Several 
methods are used, pro- 
ducing various textures 
in the metal, but the 
Bessemer process is fun- 
damental to them all. 
Study Figures 159 and 
160 until you understand 
them. 

Steel is thus a refined 


Popular Science Monthly. 


_e 


Henry Bessemer (1813-1898) 


The use of iron was known 4,000 
years B.c., but it was not untll 1856 that 
the process of making steel quickly in 
large quantities was discovered by Sir 
Henry Bessemer, in an effort to im- 
prove the quality of cannon. The rail- 
road, steel ships, skyscrapers, big guns, 
and the machinery of agriculture so 

common and important to-day would be impossible without the Bessemer 
process. Electrical power transmission depends upon steel. Steel, is 
the basis of the prosperity of the world to-day. 

Bessemer early showed a genius for invention. He was not afraid of 
work and during his eighty-five years he continually put upon the market 
new devices to aid the labor of man. 

About 1865 Bessemer set to work to discover a new process of making 
cheap steel. He tried the experiment of oxidizing the impurities from 
molten iron by an air blast. The result was a steel of very fair quality. 
He next invented the Bessemer converter (Fig. 159) and after many 
failures produced in his Sheffield works a grade of steel which soon be- 
came world famous. 

Bessemer lived to be honored with knighthood and was held in high 
esteem by the people of the whole earth. He added much to the pros- 
perity and wealth of the world. 
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form of iron. The various kinds of steel are the result of 
mixing the molten metal with certain elements (silicon, car- 
bon, tungsten, etc.) which supply the desired characteristics. 

271. How Steel Is Made Tough. — Steel is made strong 
and tough by being tempered. In a blacksmith shop it is 
plunged into water when hot. By plunging steel heated to a 
certain temperature into water the best tool steel.is made, to 
be used in the manufacture of razors, chisels, watch springs, 
surgical instruments, and the like. Would modern industry 
be possible without steel? 


. 0 
89.0% 250, 
Po [ome eo] 
00° 
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Ficure 161.— How WELpING 1s DONE. 


Note the molecules beginning to separate in a. Explain. Two pieces of 
steel of different kinds (x and y) are being welded at b. What is happening 
to the molecules in both x and y? At c, x and y are joined together 
(welded). What locked them together? Account for the ridge in c. 


272. What Happens to Iron When It Fuses. — How can 
iron or steel be made into a liquid so that it can be dipped 
up in a spoon as one would dip up water or milk? You have 
already discovered that when heat acts upon the molecules 
of a substance, the spaces between the molecules enlarge, 
the molecules themselves become very active, and begin to 
slip by one another. When all of the molecules become agi- 
tated in this way, the whole mass begins to flow like water 
(Fig. 161). 

273. Welding. — This wonderful property of molecular 
activity makes it possible to cause the molecules to fit into 
any form desired. Thus we have castings and molded iron. 
It also makes it possible to rivet steel girders together by the 
use of red hot bolts which, when put in place, can be ham- 
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mered tight. When cooling they shrink and make the rivet- 
ing still tighter. 

But even more wonderful than this is the power of these 
metals to fuse in the process of welding. 

274. Cutting Steel Plates.— Iron and _ steel cannot 
long endure extremely high temperatures without fusing. 
For this reason, an oxy-acetylene flame -will cut holes 
through steel plates in 
a very few seconds (Fig. 
162). Thus rivet holes 
can be cut in heavy 
metals such as_ thick 
steel plates, armor plate, 
flume plates, and cast- 
ings. Such metals can 
be fused along a given 
line and quickly cut 
into sections. In this 
way old warships are 
wrecked and made into 
junk. During the World 
War ships were cut in 


’ two, passed through the witw 
locks of the Welland F!SvRe 162.—Cuttine Steet PLATES WITH 
AN Oxy-AcETYLENE FLAME, 





in h 
ie ee act How does the flame affect the steel ?. Why 
welded together agaln does the operator wear goggles? 


at the end of the trip. 

275. The Importance of Power. — Energy in the form of 
heat can do an enormous amount of work in causing activity 
in the molecules of iron, steel, and other metals. It is inter- 
esting to know, however, that this is just the beginning of 
the use of heat in industry. In fact the very ore which is 
taken from the ground is made by heat into machinery and 
tools which will mine and refine more ore. Steel tools are 
used to make more tools; machinery is used to make more 


machinery. 
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Since most of our work in industrial plants is done to-day 
by the burning of fuel, it follows that the power plant is 
the core of our complex system of industry. 

















FicurE 163.— THE RESULT OF THE WoRK BEING DONE IN FIGuRE 162. 


These steel plates, over six inches thick where riveted together, were cut by 
the oxy-acetylene flame. 


3. How THE STEAM ENGINE BEGAN THE AGE OF 
INDUSTRY 


276. The Importance of the Steam Engine. — It is be- 
lieved that all the steam engines of the world are now doing 
about 200,000,000 horse power of work each day, which is 
more than could be done by every adult human being in the 
world working hard for the same length of time. Modern 
industrialism had its beginning in the invention of the steam 
engine. Make a list of all the industries of your town which 
use steam to run their machinery. 
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Demonstration 33 (Teacher’s Demonstration): Problem: How is 
steam produced and what are some of its properties? 


Materials: A tin coffee pot; a Bunsen burner; an iron ring stand 
or iron tripod; putty; and water. 

Method: Fill the coffee pot about one-third full of water. Place 
on tripod and apply heat to the bottom. Watch for results. Next 
from the inside seal the holes of the spout of the pot with putty. 
Apply heat again. Watch for results. 

Observations: What first appeared at the sponte What did it 
look like? Of what was it composed? What happened when the 
spout was sealed? Does steam possess energy? Do you think 
it ean do work? Explain. 

Conclusion: How can steam be generated? What are some of its 
powers or properties? 

277. How Steam Power Originates. — When sufficient heat 
is applied to water, the molecules become very active and 
widely separated, and many of them are changed into steam 
bubbles. During this process expansion takes place at a 
terrific rate, and the steam occupies, if unrestrained, a space 
1600 times greater than the volume of water from which it 
was made. Thus, a cubic inch of water will produce about a 
cubic foot of steam. Steam then has the power of expansion.! 

A second characteristic of steam is its compressibility? 
When it is confined in a tight inclosure it will, in attempt- 
ing to get out, exert enormous pressure against the sides of 
the container. If this container is strong enough, and the 
steam is allowed to escape through a small opening, it can be 
made to produce a noise, as in a whistle, or to do work. It 
is the expansion and the compressibility of steam that make 
it of such great value in the world’s work. 

An Englishman named Newcomen made the first success- 
ful stationary engine used in manufacturing. It was really 
an air-steam engine. Carefully study Figure 164 and be able 
to explain just how this engine worked. 


1 Expansion: an increase in size, generally under the influence of 


heat. 
2 Compressibility: the property of being compacted or pressed 


together. 
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278. The Work of James Watt. — A study of the biog- 
raphy of this man (see opposite page) will give you many 
interesting facts about him. But the big thing he did was 
to improve the Newcomen engine. So important were the 
changes which he made in 1774 that his engine is practically 





FicuRE 164.—Tue Newcomen ENGINE. 


Note the cold water spray. This caused a vacuum. What pushed the 
piston down? What pushed it up? The inlet valve was worked by hand. 
Why was this a poor arrangement ? 


the same engine that is used to-day in our factories and on 
our railroads. Study Figure 165 until you can explain just 
how the first Watt engine worked. 

279. How an Engine Works. — Your previous demonstra- 
tion with the generation of steam showed that steam possesses 
power. It lifted the coffee pot cover. The inventive genius 
of men found a way by which this expansive power could be 
made to give a push on a surface which in turn could cause a 
rotary motion in a wheel. This is the principle of the mod- 
ern steam engine. 


James Watt (1736-1819) 


James Watt was born at Greenock, Scotland, in 1736. As a boy 
he constantly thought of the possibility of making steam do work in 
moving machinery. He had a great liking for mechanics and, when 
a young man, became an in- 
strument maker. While en- 
gaged at this work, he was 
asked to repair a model of 
Newcomen’s steam engine. 

He saw that this engine 
wasted four-fifths of its steam. 
He at once resolved to build 
an engine which would elimi- 
nate this waste. He pondered 
over this problem for two 
years, when suddenly while 
taking a walk one Sunday 
the complete solution of the 
problem flashed into his mind. 

In 1760 the government 
granted Watt a patent on his 
model. Later this form was 
perfected by doing away with 
the use of atmospheric pres- 
sure in moving the piston down, and in place of this device steam was 
admitted alternately on both sides of the piston (Fig. 165). Finally a 
governor and a flywheel were added. 

The greatest result of Watt’s work was the beginning of the new 
era in the industrial life of the world. He ushered in the Age of 
Industry. He was the father of the Age of Power. The world can 
never pay its debt to this one man. 
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280. Modern Steam Engines.— The modern steam 
engine is a wonderful and comparatively simple mechanism. 
A careful study of Figure 166, together with the securing of 
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FicurE 165.— James Watr’s ENGINE. 


Compare with Figure 164. The inlet steam valve and the well valve 
opened at the same time when the piston reached the position shown here. 
As the piston went down, the exhaust steam went into the well (condenser). 
The equalizing valve opened the moment the piston reached the bottom 
of the cylinder. The well'and steam valves closed. 


answers to the following questions upon it, will go far 
towards giving you a thorough understanding of it. 


1. What causes the piston to move? 2. Where is the cylinder? 
3. What is the use of valves in this engine? 4. Where is the steam 
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generated? 5. How does the steam reach the cylinder? 6. How 
does the steam get into the cylinder? 7. Do the valves work in 
any given order? 8. How is the speed of the engine governed ? 
The steam passes into a steam chest in the modern engine through 
throttle valves, sometimes operated by a governor. From here it 





Steam 


Steam Chest 
Slide Valve Steam Chest 





Figure 166.— A STATIONARY STEAM ENGINE. 


Determine the function of every part as you answer the questions upon it in 
Section 280. 


passes under high pressure through the port B, which is the only 
avenue for its escape, into one end of the cylinder. Instant expansion 
forces the piston to the other end of the cylinder, at the same time 
driving out the steam used in the previous stroke, through the 
exhaust port at D, and out through the exhaust pipe at H. Mean- 
while the slide valve rod, fastened to the crank-shaft on an 


tl 
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eccentric (which is an off-center attachment), is pushed to the other 
end of the-steam chest, changing inlet port B to exhaust port C 
and changing exhaust port D to inlet port F. Thesteam now rushes 


neh on the other side of the piston, forcing the head back to the op- 


posite end of the cylinder and driving out the spent steam to the 
outside air. 

The speed of the engine is often controlled by a governor,’ revolved 
by a belt attached to the flywheel. If the flywheel increases its 











FiGURE 167.— How Power 1s DISTRIBUTED BY MEANS OF SHAFTS, DRUMS, 
AND BELTS. EXPLAIN. 


speed, two heavy iron balls on the governor are forced apart by 
centrifugal foree.2. This partly closes the throttle valves, reducing 
the supply of steam entering the steam chest, and thus controlling 
the speed of the engine. 

The boiler is an important part of a steam engine plant, since in 
it is generated the steam to run the engine. Explain. 

Observe a steam boiler and note the steam pressure gauge and 
the safety valve. 


1 Governor: a device which controls the speed of steam engines, 
gas engines, or other motors. 

2 Centrifugal force: a force which tends to throw a rotating 
object away from the center about which it moves. 
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281. How the Steam Engine Does the Work of the World. 
— By means of an eccentric and connecting rod! the to-and- 
fro motion of the piston is changed into rotary motion in 
the flywheel. 

Now the flywheel is provided with a large belt which is 
connected with a drum (a broad box-like wheel) on a main 
shaft. This main shaft may be fitted with several pulleys of 
different sizes, each one connected by belts to a machine 
flywheel, causing it to revolve and transmit energy to the 
machine (Fig. 167). To stop or start any machine, the belt 
is thrown from a loose to a fixed pulley, both attached to the 
same revolving shaft. The relative speeds of the different 
machines are determined by the sizes of the drums. Friction 
clutches and devices by which the belts are shifted to pulleys 
of different sizes on the machine shaft, aid in increasing or 
decreasing the speed. This is the way most of the work is 
done in the modern factory. 


4. THe Gas EnciIne — A Moprern WorkKER 


282. The Gas Engine. — In the gas engine we find a dis- 
tinct advance over the stationary steam engine; we have 
what is called an internal combustion engine. The fuel is 
actually burned inside the cylinder of the engine, instead 
of in a boiler several feet away. Such fuel must be capable 
of being largely vaporized in the cylinder, since it must be 
in the form of a gas when oxidized. Such fuels are natural 
gas, water gas, coal gas, kerosene, petroleum, alcohol, finely 
powdered coal, and gasoline. 

The first successful gas engine was built in France in 1861, 
while in this country no one ever saw a real gas engine do 
work until 1873. Yet so rapidly has it developed and so 
efficient has it become that a steam engine, to equal its effi- 
ciency, would require 2} times as much fuel to do the same 
amount of work. 
~ 1 Connecting rod: a strong steel rod connecting the flywheel with 
the piston. 
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Demonstration 34: Problem: How does a gas engine work? 


Materials: The same coffee pot used in Demonstration 33 ; illumi- 
nating gas; a Bunsen burner; putty; rubber tubing; and wire. 
Method: Cut a small round hole in the side of the pot near the 
bottom. Solder a gas burner to this hole. Attach the piece of 
rubber tubing to the gas outlet and the burner. Cut a small 
round hole in the side of the pot about halfway from the top to 
the bottom. Plug the 
spout on the inside with 
putty. Allow gas to es- 
cape into the pot for about 
three seconds. Close 
cover. Fix wire to handle 
as shown in Figure 24. 
| L150 RICH A mixtuRe Hold a lighted match to 
ONE RING GAP 7p 1 | AIP SASOUNE TO the small hole in the side. 
Se hee ; - Watch the results. Re- 
Fe arLoWS GASOLINE peat the operation. Now 
ERANKCASE. open cover and apply 
lighted match to the gas in 
the pot. What happens? 
Now close the cover and 
let in some more gas; open 
cover enough to let in a 
little air. Then close it 
again and apply match as 
before. What happens 
now? Account for the 
difference. 
Compare with Newcomen’s engine. Try Observations: What 


to find out the function of each part. Note happens to the coffee pot 
how the cam pushes the valve up asitturns. gover? What is the use 


Notice the conditions that are wr i i 4 
te Ge of the wire? What causes 


picture. Explain. the cover to rise? Why 
does it rise suddenly? What causes the gas to ignite? To what 
part of a steam engine might you compare the pot itself? the cover? 
Why is the gas engine called an internal combustion engine? 

Conclusion: State in your own words the principle of the gas 
engine. What makes the gas engine so efficient? Write out this 
demonstration in your Science Discovery Book. 













SH VALVES NEED 
E\ GRINDING 


RING GAP 
TOO WIDE 


GROOVE WORN 


TOO MUCH oll 


CAUSE. Se 
FOULED PLUGS \ 


Se, =f 
Gea 
PROPER OIL SSS 


Popular Science Monthly. 


Figure 168.—A ONnE-CyYLINDER GAS 
ENGINE. 


283. How the Gas Engine Works. — The simplest type 
of gas engine consists of one cylinder and is surprisingly like 
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Newcomen’s air-steam engine in that the end of the cylinder 
is open (Fig. 168). This allows free movement of the con- 
necting rod between the piston head and the crank shaft. 
Carefully study Figure 168 and explain it to the class. 


5. Our Future Power Supply — WATER 


284. Power and the Coal Supply. — About 75% of all 
power used in the United States is generated by burning coal 
and of the remaining 25%, 3% is furnished by natural gas, 





Ficure 169.—TuHe Muscie SHoacs Dam. 
The greatest dam in the world. It,impounds the waters of the Tennes- 
see River for the purpose of turning turbines which will furnish power to 
run plants for making nitrates and other products. 


oil, and wood, 2% by the wind, and 20% by falling water 
(see Plate III). 

It is estimated that the available water power in the 
United States is about 100,000,000 horse power, or about one 
horse power for every person in the country. To use this 


a * 
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tremendous power, engineers must build great dams of stone, 
steel, and concrete. As it is made available, there must be 
wise control of the water power and the conservation of our 
forests by the Federal and State governments should be en- 
couraged. (Key Picture 11.) 

When you come to vote as a citizen, you should use your 
influence to secure proper control and preservation of our 
great water power sites for the use of the whole people. 





e. : 
Popular Science Monthly. 
FIGURE 170.— A WESTERN Power House. 


This plant furnishes power to the San Francisco region. Note the enor- 
mous flumes. Where is the dam? Where are the dynamos located ? 
What causes them to turn P 


285. How Water Power Is Made Available. — Modern 
concrete and steel construction makes it possible to erect 
enormous dams holding millions of tons of water (Fig. 169). 
From these dams enormous flumes, constructed of steel 
cylinders riveted together, carry the water under tremen- 
dous pressure to where it can drop upon steel water wheels, 
called turbines, which are set in a horizontal position in the 
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power plant. Gates and valves control the amount of water 
flowing through the flume. Thus, the speed of the turbines 
can be accurately controlled and roar- ray ly pee 
ing streams or sluggish rivers are eee 
made to respond to a lever in the ==Water 
hand of man (Fig. 170). = 















































FicureE 1714.— THE PELTON WHEEL. 


An adjustable nozzle sends the water with tremendous force against the 
buckets of the wheel. What gives the water its great force? 








Gear Wheel = Water == 


to Connect ee 
with Machinery 















Ficure 171s. —Sime View oF A DaM, 
FLUME, AND TURBINE. 


Note that the turbine is set in penstock (see 

CE next page). Compare this picture with Figure 

ra Water 171a. What gives force to the water? How 
Flume is the turbine made to do work here? 


286. Types of Water Wheels. —At present two chief 
types of water wheels are in use, —the Pelton and the tur- 
bine. The first, named from the carpenter who invented it, 
can generate from a part of a horse power to twenty thousand 
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horse power. It is especially adapted to small streams with 
high head and is, therefore, more commonly used in moun- 
tainous regions (Fig. 171a). 

287. The Turbine.— The turbine is used where the 
volume of water is large and its fall not great. Study 
(Figs. 171b and 172) and tell how the turbine is built and 
how it works. 














FicureE 172.—A TuRBINE. 


Taken from its casing at the Trenton Falls, N. Y., plant for repairs. 


At Niagara Falls 14 turbines are used, each supplied with a 9-foot 
penstock! with a fall of 140 feet, and each producing about 13,000 h. p. 
or 180,000 h. p. for the whole plant. At Keokuk, Iowa, the turbines 
develop 300,000 h. p. and supply St. Louis, 144 miles away, with 
power. A small but typical plant of this kind is situated at Tren- 
ton Falls, N.Y. It has 7 turbines, each 4 feet in diameter, with a 
fall of 265 feet and a pressure of 110 pounds to the square inch. It 
generates 40,000 h. p. and supplies, over a high tension line, 28,000 
kilowatts of electricity to the city of Utica, 18 miles away. 


288. Water Power and Industry. — Fuel has been used so 
extensively because it could be carried where it was needed. 


1 Penstock: a large steel pipe enlarged at the bottom to contain 
the turbine wheel. Water falling through the pipe is carried directly 
against the blades of the turbine, causing it to revolve at from 100 
to several hundred revolutions per minute. 


Michael Faraday (1791-1867) 


The son of parents in lowly circumstances, this young man was anxious 
at twenty-two years of age to study science. An eagerlistener to the 
lectures of Humphrey Davy, he be- o 
gan to perfect himself in chemistry. : 

With Davy he invented the miner’s 7 
lamp. He later turned 
all but six of the then 


Sb ke 

/ W 
known gases iat 
into liquids. : 
He discovered 
benzine in 1825. 


He refused great aE 
sums for his*serv- Fes) ; Popular Sctence Monthly. 


ices as a chemist 
to industrial leaders, because of his great desire to add to human knowledge. 
In 1831 Faraday astonished the world by his wonderful discoveries in 
the field of electricity. He found out after ten years of experimentation 
that whenever the lines of a magnetic field are made to cut across an 
electric conductor, a current of electricity is set up in this conductor. 
From this discovery came the invention of the dynamo, the motor, the 
induction coil, the transformer, and the X-ray. 
Ten years later Faraday broke down physically and was pensioned by 
the English government. A true gentleman, quiet, serious, gentle, he 
is rightly described in his epitaph: “ Just and faithful knight of God.” 
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Joseph Henry. (1799-1878) 


Born in Albany, N. Y., in 1799, Henry lived on the edge of the 
frontier where life was simple and the encouragement for scientific 
study almost entirely lacking. His earliest interest was in dramatics, 

but one day by chance he 
found a book on Experi- 
mental Philosophy. -This 
book, which changed his 
whole life, he preserved to 
his dying day. ‘It was the 
first book,’’ he said, ‘‘ that I 
read with attention. It opened 
to me a new world of thought. 
It fixed my mind on the study 
of nature and it made me re- 
solve to devote my life at 
once to the gaining of knowl- 


edge.” 

Henry specialized in math- 
ematics, in physical science, 
and in medicine. He began 
to write articles on mechanics 


and attacked many new 
s problems. He soon became 
known for his work in electromagnetism. He showed especial skill 
in constructing apparatus for lifting great weights by magnetic attrac- 
tion. This was the beginning of the modern electric lifting crane. 
The idea for the present telephone bell came from his mind. The 
work of Morse was based upon his discoveries. By 1831 he was 
the foremost experimental scientist in America. He later became the 
first secretary of the Smithsonian Institution at Washington, which 
position he held until his death in 1878. He may be called one of 
the great pioneers of science. Other men built upon the foundations 
which he laid. 
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But to-day the energy of falling water can be harnessed, 
carried for 200 miles or more, and transformed again into 
mechanical energy or motion to do the world’s work. 


6. Tue Most EFricient WorRKER — THE DyNAMO 


289. The Electric Generator or Dynamo. — If a wire is 
made into a loop (Fig. 173) and made to revolve between 
the ends of a “‘ U ” magnet, a current of some force will be 
generated. This current, strange to say, will run along the 
wire in one direction during one half turn of the wire and 





Ficure 173.—  Farapay’s EXPERIMENT. 


Note the effect of one loop of wire revolved between the magnet poles on 
the galvanometer. Compare this with the effect of two loops of wire on the 
galvanometer. Explain the difference. 


in the opposite direction during the other half turn of the 
wire. It thus follows that the current alternates or re- 
verses its direction once in every complete turn of the loop. 
This current, as it is generated, may be carried off on a wire 
in contact with the coil. This peculiar action of an electric 
current as it is being generated is found in all dynamos,' no 
matter how simple or complex they may be (Fig. 174). 
The above gives you some fundamental principles originally 
discovered by Michael Faraday, the Irish scientist. These 





1 Dynamo: a machine for generating electricity. 
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~ principles are now applied in every power plant and in almost 
every home in the country. 


The essential parts of a dynamo are: (1) a rotary coil, called the 
armature, (2) a stationary magnet, and (3) an outlet for the current 
as it is generated. The armature generates an alternating current* 








Popular Sctence Monthly. 
Figure 174.—A Mopern DyNAmo. 
The largest dynamo in the world. What do you suppose causes it to revolve? 


which is used for heat, light, and power. The frequency of these 
alternations, usually about 60 per second, prevents any flicker in the 
electric light bulb. The frequency depends upon (1) the number of 
coils of wire composing the armature, and (2) the speed of its rota- 
tion. Alternating currents are often changed to direct currents for 
the purpose of charging storage batteries, electroplating, and electro- 
typing. Direct currents may also be used for heat, light, and power 
where it is not necessary to ‘‘step down” the voltage. A commu- 


1 Alternating current: an electric current which reverses its direc- 
tion of flow at regular and frequent intervals. The flow in one 
direction is equal to that in the other. Two complete impulses, one 
in each direction, form a cycle. The number of cycles which occur 
in one second determines the frequency of the current. 


How Electric Current Does Work 335 


tator is used to change the alternating current in the armature to a 
direct current in the external circuit. Figure 175 shows how an 
alternating current (A. C.) is changed to a direct current (D. C.) 


290. Transforming Electric Currents. — Electric power is 
generated in the power house at high voltage. Before it runs 
through the lights in your home, it must be reduced or 
“stepped down” to prevent the burning out of your circuit. 
This is done by transformers which may be seen often in the 


—_> 


Commutator Divided 
into Two Parts 


External Circuit 





Ficure 175.— A ComMuTATOR. 


A simple device for changing alternating current (A.C.) to direct current 
(D.C.). The two halves of the commutator are insuJated from one another 
and the shaft. A brush always touches each half. The + brush leaves the 
positive segment and the — brush leaves the negative segment at the in- 
stant the current alternates or reverses in the coil. Brush xis still a + brush 
and y is still a — brush and they always remain so. The current is thus 
kept direct. Explain. 


form of large boxes fastened to poles in small cities or in the 
country. Again, when an electric current is carried long 
distances its voltage must be increased. This also is done 
by many large transformers placed near the power house. 


The power generated at Niagara Falls is stepped up to 60,000 volts 
and transmitted to Rochester and Syracuse, the latter 160 miles 
away, to be used in running the street cars. It is stepped down in 
these cities to about 110 volts for use in the homes. At Big Creek, 
California, 80,000 horse power are stepped up to 150,000 volts over 
aluminum eables 241 miles to Eagle Rock where transformers step 
them down to 15,000 volts for Los Angeles and 6000 volts for River- 
side. In all, this current travels 320 miles. 


291. How Electric Current Does Work. — To do work, 
electrical energy must be transformed into mechanical energy 
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or motion. This is done by the motor (Fig. 177, A), into 
which electric current is delivered, causing an armature ' to 








FicureE 176.—A HicH TENSION ELECTRIC 
LINE. 


This line carries high voltage electric 
current from Trenton Falls, N. Y., to Utica, 
N. Y., where it runs the street cars and 
many factories, and lights the city. 





revolve. This armature 
may be connected to 
machinery by a belt. In 
the generator the cur- 
rent is developed and 
carried out. The cur- 
rent is sent into the 
motor causing it to re- 
volve. The motor 
causes some machine to 
revolve. The generator 
is driven by a turbine 
turned by falling water. 
The generator delivers 
power to the motor, the 
motor turns machinery, 
which in turn does work. 
Thus we can follow the 
sequence of events from 
the time water falls as 
rain until its energy is 
used in the production 
of a pair of fine shoes. 
Explain fully. 

292. Electric Units. 
— Electricians use units 
of measure in dealing 


with electrical currents just as carpenters use a foot rule. 
Electrical pressure (electromotive force) is designated in 
volts so named in honor of Count Volta, a great Italian 
scientist who lived from 1745 to 1827. A dry cell unit 


1 Armature: an iron core wound with wire which revolves about 


the field of the magnet or vice versa. 


2Volt: the unit of electrical current pressure on a wire. 


P 


The Simple Motor oot 





FicurRE 177.— THE PRINCIPLE OF 


A. 


QS 


THE SIMPLE Motor. 


A and B are attached to each 
other. Why? Why does Y 
repel C? Why must D be 
changed from + to — when 
it turns a little farther to the 
left > What will happen to C 
asitrises? What effect does 
X have on D? 

What device can change 
the polarity of the moving 
part in this motor ? 


. Find the armature in each. 
. Note the electromagnet on a 


pivot between the permanent 
poles of the field magnet. 
The wire coil is wound from 
end to end and the two free 
ends are connected with the 
two halves of a split brass 
ring or commutator (Fig. 
175). When current is sent 





Coil Core 


Armature 
Field Coil 


N 


SN 


Battery or Generator 


G 


into the field magnet and also the armature through the brushes, the 
electromagnet begins to revolve. Why? With each half turn of the 
armature, the + brush leaves one segment and comes into contact with 
the other. At once the current in the armature reverses its direction. 
Each armature pole becomes the same as the field magnet pole next 
to it. They will repel each other for a half turn until the current is again 
changed. Thus the armature keeps revolving and the current changing 
its direction. What device causes the changing P 


ny 
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will produce a little more than one and one-half volts. The 
ordinary voltage on an electric wire in the house is 114 
volts, not enough to kill one but enough to give him a severe 
shock. To the unit amount of current which passes a given 
point in a wire in one second we give a name. We say the 
current has the strength of 1 ampere (4m-par’),! so named in 
honor of a French scientist, André Ampére, who lived from 
1775 to 1836. The average 60-watt tungsten bulb uses 4 
ampere; an electric bell uses about ;4 ampere. Fuses are 
made to carry from 6 to 30 amperes for ordinary purposes. 

The amount of current going over a wire depends upon the 
size of the wire. The smaller the wire, the greater the resist- 
ance and the greater the resistance, the less the current and 
amperage. The unit of measure used to determine resist- 
ance is the ohm? (6m), so named in honor of Georg Ohm, a 
German scientist who lived from 1787 to 1854. The ohm 
is the resistance to a current made by 160 feet of No. 18 
copper wire, ordinarily used for lamp cords. From the 
relations which naturally exist between volts, amperes, and 
ohms, Ohm in 1826 developed what is known as Ohm’s Law, 
which can be shown as follows: 





electromotive force E 
Current = or C= Pp 


resistance 
Amperes cos 
P ~ ohms 


7 electromotive force 
Resistance = or R= — 
current G 


Ohms = SS 
amperes 
Electromotive force = current x resistance or E = OR. 
Volts = amperes X ohms. 
The above formulas are constantly used by all men who do 
electrical work. 


. 





1 Ampere: the unit of electrical current on a wire. 
*Ohm: the unit of resistance of a wire to electrical currents, 
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293. Steam, Gas, and Water Power Plants.— A final 
comparison between the steam, gas, and water power plants 
will show striking differences. In the water turbine there 
is no heat except that generated by friction, which alone pre- 
vents the turbine from being an almost perfect machine. 

Thousands upon thousands of men are now engaged in 
the work of mining, transporting, and feeding fuel to the 
flames in our steam plants. In the water power plant a half 
dozen men can easily do all the work of controlling the tur- 
bines and regulating the dynamos. The increase in efficiency 
is quite marked. With the factories of the country running 
on electrical energy we shall be using the energy of the 
sun almost directly. Explain. 


REVIEW OUTLINE 


1. Industry: Meaning; how it began; the early home the cen- 
ter of industry; transfer to the factory; the rise of towns and 
cities. 

2. Industry Based upon: (1) energy and (2) work. 

3. Sources of Energy Used in Industry: (1) Animal (from foods) ; 
(2) motion (from burning of fuels); (3) electrical (from falling 
water). All energy has its source in the sun. 

4. Use of Heat Energy in the Reduction of Ores: Smelting; 
production and use of pig iron. 

5. Production of Steel by: (1) Bessemer process; (2) open hearth 
furnace; (3) electric furnace. Composition and kinds of steel. 
Tempering. 

6. Melting and Fusing of Iron and Steel: Welding and cutting 
steel plates. Principles involved. 

7. Importance of Power from: (1) Heat; (2) animals; (3) water. 

8. The Steam Engine: Nature of steam. Early engines (New- 
comen, Watt). Modern steam engine. Relation to the work 
of the world. 

9. The Gas Engine: How gasoline and air explode in the presence 
of heat. How the gas engine works. Comparison with steam 
engine. Relation of power to the gas and coal supply. 

10. The Importance of Water Power: Sources of water power. 
Comparison with cost of steam power. Types of water wheels 
(Pelton, turbine). 
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11. How Water Power is Made Available through use ol: 
(1) Dynamo; (2) transformer; (3) motor. 

12. Electrical Units: (1) Volts (Volta); (2) amperes (Ampére) ; 
(3) ohms (Ohm). Meaning of each. Ohm’s Law; how used. 

13. Comparative values and cost of steam, gas, and water power 
in industry. 


SUMMARY 


All work among early peoples was done by hand. When men 
discovered the possibility of making the sun do work for them by 
using the waterfall to cause a wheel to revolve and run a mill, in- 
dustry began. Then communities grew up along rivers and varied 
industries gradually developed. The source of energy used in 
industry may be in the muscles of men or of beasts, in petroleum, 
in coal and other fuels, or in water power. 

Underlying all industries is one particular industry — the mining 
and reduction of ores, the refining of iron and the tempering of steel, 
With iron and steel molded or rolled into engines and machinery, 
with power to run these engines and machinery, the complex in- 
dustries of to-day are possible. 

The steam engine was the first kind of device to produce much 
power. To-day it does most of the work of the world. The gas 
engine, a later development, because of its lightness and efficiency, 
has become the greatest factor in short-distance transportation. 
The recent return to the use of water power on a large scale is of 
great importance because of the increased scarcity and cost of fuels. 
The harnessing of water power or ‘‘ white coal’’ by the use of 
dams and turbines, which generate electric current by revolving 
dynamos, makes it possible to transmit this power over wires to 
distant points where it is adapted to the needs of the homes or street 
lighting. By means of motors it is used to run machinery or to 
propel vehicles. 

The pressure and rate of flow of electric currents are measured in 
volts and amperes. The resistance to the current is measured in 
ohms. You should always remember, however, that in every case, 
the power used can be traced back to the sun as the source of all 
energy. 





Remember that : 


1. All energy comes from the sun. 


2. The greatest factor in the development of industry was the 
invention and improvement of the steam engine. 
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/ 3. Modern industry was impossible until men had learned to 


/reduce ores and refine iron into steel. 
“4, The most economical use of heat energy is through the modern 
/ gas engine. 
d 5. The industry of the future will, in all probability, depend 
~entirely upon water power. «— 


THOUGHT QUESTIONS 


1. What advantages has electric power from central stations 
over individual steam power for factories? 

2. What is the composition of iron ore and why ean it not be 
used in industry until refined? 

3. Why do iron-producing companies.employ expert chemists ? 

4. What does the blast furnace do to iron ore? 

5. What are some of the characteristics of pig iron? 

6. What changes take place in pig iron when it is changed to 
steel ? 

7. Where does the energy that runs your watch come from? 

8. In what part of the country is there found the greatest 
amount of water power? Do you find much manufacturing in this 
region? Explain. What has caused a partial scattering of fac- 
tories away from these falls? 

9. What made New England such a manufacturing center? 

10. Show how the steel industry is essential to the production 

of power and the use of it in manufacturing of all kinds. 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Darrow. Boy’s Own Book of Science. The Macmillan Co. 

Fisher. Resources and Industries of the United States. Ginn 
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Husband. America at Work. Houghton Mifflin Co. 

Vulte and Vanderbilt. Food Industries. Chemical Publishing 
Co., Easton, Pa. 

Williams. The Wonders of Science in Modern Life. Vol. 1 
and 4. Funk and Wagnalls Co. 

Williams. How ItIs Done. Nelson. 

Williams. Romance of Modern Inventions. J.B. Lippincott Co. 





Key Picture 124.— EARLY TRANSPORTATION. 


Above: An early steam locomotive. Compare with Figure 180 and explain 
the difference. 
Below: Henry Ford at the age of 30, in his first ‘‘ horseless carriage.” 
Compare with Figure 185. Account for the difference. 
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CHAPTER XII 


THE WORK OF THE FACTORS OF OUR ENVIRONMENT 
IN TRANSPORTATION 


A. TRAVEL ON LAND 


There’s a big resounding whistle on the engine when it toils — 
None thinks about the water as it bubbles and it boils — 
There is buzz and there is bustle and the people love to gaze 
As the prodigy goes onward in its unresisted ways. 
We quite forget, while watching all the beauty of the scheme, 
That somewhere out of sight is pent the mighty force of steam. 
But despite this lack of splendor, ’tis agreed by men of wit 
That if the steam were wanting the machinery would quit. 

— The Washington Star. 


Can You Tell Just How a Steam Engine Works? 


Try it. It will be a good test of your knowledge and 
your ability to make things clear. After this is done, 
try to tell how an automobile engine works. This will 
test your knowledge fully. You may have to get help 
here from the garage man. Then, how much do you 
know about the motor in the electric fan or the washing 


machine? Mighty little. Well, you can learn much 
about these things if you really want to. Again, good 
roads have come as a result of the automobile. Did you 
ever think of this? How are roads made? Why are 
good roads “good”? Suppose you study something 
about roads, curves, bridges, reduction of friction, and 
other phases of transportation in this chapter. 
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Some Practical Questions : 

1. What can a steam engine do with energy? 

2. Why is a gas engine more efficient than a steam engine? 

3. Why is the movement for good roads in this country a wise 
one? 

4. Why is the electric motor lighter and more efficient than a 
gas or a steam engine? 

5. Explain why many people believe that all transportation will 
be by electricity in the near future. 

Home Problem. — Secure, if possible, the use of a toy engine 
which runs upon tracks. Run the engine alone and coupled to its 
ears. Compare its speed when running on a straight track with 
that on a curve. Raise the tracks at some point and note its effect 
upon the speed of the train. Find a grade which does not materi- 
ally interfere with the speed of the engine and determine what 
per cent grade this is. Determine some of the difficulties engineers 
have to meet in building railroads. 

Field Problem. — Visit a car shop or a railroad station and watch 
several engines as they come in. Try to identify all the parts as 
shown in the drawing on page 346 and learn their uses in the mechan- 
ism. Report to the class your findings. 


1. Earty Metsops or TRAVEL on LAND 


294. The Earliest Means of Travel. —TIt is thought that 
the “pole drag”’ must have been the most common early 
means of carrying burdens used by the American Indians 
in their travels from place to place. (Study Plate III.) 
The pole drag was really a wheelbarrow without wheels. 
Explain. Then came the wheel and axle. 

It is supposed that the Sumerians (sii-mé’ri-dnz), who lived 
along the Euphrates river more than 5000 years ago, used 
wheels to draw loads. These solid wooden wheels were a 
vast improvement over the drag. Speed was at once in- 
creased, friction was reduced, riding was made somewhat 
of a pleasure, and trading and commerce were increased. 
Explain each advantage. Name two places where friction 
occurs in the wheel and axle. How can it be reduced in 
each place? How can a wheel be prevented from cutting 
into a soft roadbed? 


The Steam Locomotive 345 


The Egyptians (é-jip’shdns) used the wooden cart (Fig. 
178) to draw the stone blocks to the place where the pyramids 
were built. They probably used a roller to bring the blocks to 
the top of the pyramid. 
They used levers to get 
the blocks into place. 
It was a long step from 
the roller and the ox cart 
to the steam locomotive. 
(Study Plate IIT.) 





2. Tue Steam Loco- 
MOTIVE 


295. The Earliest Loco- 
motives. — The story of 
the development of the 
steam locomotive reads 
like a novel. The great 
locomotives of to-day are 
not the work of one man 


and never could be, be- FicurE 178.—An AncieENT Ox Cart. 
cause the span of one Note the solid wooden wheels and the 
Ao ae eee crude frame and tongue. This kind of 
Sa UeEy ORE A ae cart was the first great advance over the 
enough to insure the pole drag. Why? 


perfection of any epoch- 

making invention. Watt, Newcomen, Stephenson are the 
names most commonly connected with the steam engine. 
Trevithick built a steam carriage in 1801 and asteam railroad 
engine in 1804, both doing powerful work. In 1826 John 
Stevens, in America, built a model locomotive. Stephenson 
built his railroad engine, called the Rocket, in 1829 and 
scored a success with it (Key Picture 12a). 

296. Later Models. — Stephenson’s engine brought the 
power to act directly upon the drive wheel and the most per- 
plexing problem of steam locomotion appeared to be solved. 
The steam chest and cylinders were placed on the sides of the 
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boiler near the front and by means of a connecting rod a 
direct drive could be made on the drive wheels and tremendous 
power utilized. 

The size of the engines did not change much for many 
years because it was thought that the limits of power had 




















FicurRE 179.—MopeL oF A SteAM LOCOMOTIVE. 


Compare with Figure 166. What is the use of the reverse lever? Explain 
just how the moving parts work. 


been reached and that, therefore, the weight must be kept 
‘down. ‘These locomotives were awkward-looking affairs, 
with tall and broad smokestacks. It was not until 1895 
that marked changes in construction were made and since 


rt 








FicureE 180.—A Huce Mopern FRrReicut-EncIne. 


Count the number of drive wheels. This has a tremendous drawing power. 
How does its weight help it ? 


George Stephenson (1781-1848) 


George Stephenson stands out as one of the world’s greatest in- 
ventive geniuses. This man in the beginning of the nineteenth century 
took the inventions of his 
predecessors and combined 
them into a steam locomo- 
tive which worked. 

In 1821 he built a railroad 
21 miles long. In 1829 after 
overcoming great difficulties, 
his locomotive, the Rocket, 
won the first prize in a con- 
test in England by carrying 
36 passengers at a speed of 
39 miles an hour. 

Stephenson soon became a 
world authority on steam loco- 
motives. He may be truly 
called the father of steam 
transportation. He died in 
1848, the foremost genius in 
the devising of ways to make 
steam do the work of man. 

Every mile of the hundreds of thousands of miles of railroad form- 
ing a close network across the United States to-day is a monument 
to Stephenson’s perseverance and inventive genius. 
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that time the size and complexity have enormously in- 
creased. Study with care Figures 179 and 180 and be able 
to explain how the locomotive works. 

297. Source of Steam Power. — How can steam do so 
much work? Steam is vaporized water and as such is an 
invisible gas. No one has ever seen live steam. When it 
escapes, it condenses into clouds of visible droplets of water 
and is ‘‘ dead,” having lost all its power todo work. As you 
have already learned, one pound of water which occupies 

about .016 of a cubic 
Pipe to foot of space, can expand 
a Qa into steam occupying 
Piston flea 26.7 cubic feet of space 
se ei and exerting enormous 
pressure. This means 
that the boiler in which 
steam is generated must 
be extremely strong to 
ran resist this pressure. In 
a properly built and con- 
trolled boiler, the steam, 
as generated, is sent into 

FicurE 181A.— A Four-CyLinDER AuTo- 


the cylinder where it at 
MOBILE ENGINE AS SEEN FROM THE SIDE 
(INTERIOR VIEW). once expands and uses 
Note the position of each piston. Explain. UD its own heat in be- 
coming cool and in push- 
ing the piston back and forth. This results in rotary motion 
in the drive wheels, and they haul the train. Thus work 
is done by the expansion of steam. 







ANT. 
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Timing Gears 


3. THe AUTOMOBILE 


298. The Four-Cylinder Gas Engine. — Several different 
movements must take place at the same time in a four-cylin- 
der gas engine before explosions can occur in regular succes- 
sion. To keep an engine moving there must be an explo- 
sion, or power stroke, a forcing out (stroke) of waste gases 
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or exhaust stroke, an intake (stroke) of new gases, and a 
compression (stroke) of gases. How can all these actions 
be accomplished in order and with efficiency? (Fig. 181a). 

As these four actions named above are all occurring at once, 
each one in a different cylinder, it follows that in any one 
cylinder they must all occur in order and in a given time. 
That is, any one cylinder must take in gas, compress it, 
explode it, and exhaust the burned-up gases. But while 


A 
Intake Compression Exhaust 





Ficure 1818.—THE INTERIOR OF THE Four CYLINDERS SHOWING 
Piston MOVEMENTS. 


Explain how each piston works. 


this order is the same in all cylinders, the operations must 
occur at different times for different cylinders. In each 
cylinder the piston moves two times each way between each 
two explosions in it. It takes four strokes to produce a 
power stroke. For this reason such an engine is called a 
four-cycle engine. Suppose you follow each of these strokes 
as iliustrated in Figure 181b and find out just what does 
happen in a cylinder during the four cycles. 

299. Cooling the Cylinders. — In the steam engine, the 
early problem, at least, was to keep the cylinder hot. In the 


350 Travel on Land 


gas engine, the problem is to keep the cylinders cool. Because 
the combustion of fuel is inside of the cylinders themselves, 
the heat developed in them is terrific, often exceeding 3000° F. 
If this heat is not kept down, the piston heads may swell, 


Gear Shift 


Crank Shaft 


Counter Shaft Fly Wheel 





The Studebaker Corporation. 
FIGURE 1824.— THE TRANSMISSION, WHICH CONNECTS THE ENGINE WITH THE 
DrivE SHAFT. 


Except in third speed, the crank shaft is separated from the main shaft 
between C and E, and the power passes from one to the other only through 
the countershaft. The gear wheel E and the one below it are in constant 
mesh. D, B, and F are fixed gears on the countershaft. 

In first gear or /ow, the gear A is engaged with B on the countershaft. 
The forks of the gear shift lever cause the gear wheels to slide forward or 
backward. Second speed results when C and D are engaged. Third or 
high speed results when C slides over the smaller part of E. For reverse A 
is shifted back and engages with the small gear a little above and beyond F- 
Now explain the shifts on the picture without use of this explanation. 


stopping the engine, or the bearings may be burned out, 
necessitating large and costly repairs. 

The several methods of cooling are one in principle. Oil is 
pumped about the bearings and water is pumped about the 
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cylinders. The water is sent through a radiator, where it is 
quickly cooled by the cool air drawn through the radiator by 
the rapidly revolving fan. Some engines are air-cooled by 
means of large fans which drive air through honeycomb cells 
about the cylinders. 

300. The Gas Engine and the Automobile. — The sta- 
tionary gas engine was finally placed upon a carriage and so 
geared to the wagon wheels that the “ to-and-fro ” motion of 


Differential Case 


Differential Gears 
(Enclosed) 


Ring Gear 
Main Shaft 





The Studebaker Corporation. 


FicurRE 1828.— THE DIFFERENTIAL, WHICH CONNECTS THE MAIN SHAFT WITH 
THE REAR AXLES AND DRIVE WHEELS. 


The pinion gear of the main shaft is enmeshed with the ring gear which 
is rigidly fastened to the left axle. By means of differential gears having 
independent motion (not seen here because enclosed), motion is transferred 
to the right axle in such a way that either wheel can move at a different 
speed than the other when going around corners. Thus the differential 
differentiates the speed of the rear wheels. 


the piston was changed into rotary motion and the wagon was 
caused to move forward or backward. This was known as 
the “‘ horseless carriage ”’ and we now know it as the automo- 
bile. It was at first a very crude affair and each one sold 
was provided with a coil of rope to be used in hauling it home, 
as most of them broke down on nearly every trip (Key Pic- 


ture 12a). 
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The modern automobile, however, as a result of many im- 
provements, has become a very complex mechanism. It may 
now be-said to be composed of several systems. (1) The 
chassis (sha’sé), including the wheels, frame, springs; (2) the 
body and its attachments (Fig. 185) ; (3) the power plant, 
or the engine and its parts (Figs. 18la and 181b); (4) the 
transmission system, which connects the engine with the 
driving wheels (Figs. 182a and 182b) ; (5) the cooling system 
(Fig. 183); (6) the elec- 
tric system, which causes 
the engine to start and 
keeps it running (Fig. 
184) ; and (7) the control 
system, which causes the 
car to start, increase its 
speed, stop, and reverse. 
This system also includes 
the steering apparatus. 
Study the diagrams show- 
ing these systems and be 
able to explain each of 
them. 

301. The Automobile 
Ficure 183.— Tue Forp Cootina System. and the Work of the 

Account for the direction of the arrows. World.—The automobile 
is used for every con- 
ceivable purpose. Beginning as a novelty, then used as a 
pleasure vehicle, it is now used to haul freight over long 
distances to every part of the country. In 1895 there were 
300 automobiles in the United States; in 1902 there were 
29,000; in 1922 there were 12,000,000 and in 1925 there 
were 15,280,000. The automobile is fast taking the place 
of the trolley car in our city streets and on some railroads 
it is being used directly upon the rails to take care of short- 
haul traffic (Figs. 185 and 186). 
Its speed and easy control make it of tremendous value. 
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A little whiff of gas and air can be exploded and so much 
power generated that a vehicle weighing tons can be sent 
over the road at great 
speed. 


4. Tur Evectric Motor 


302. The Electric Mo- 
tor. — You have already 
learned that a dynamo is 
a mechanism for chang- 
ing motion into electrical 
energy or power. But 
this electric power can- 
not be used unless it is 
changed again into mo- 
tion. The electric motor 
does this work of chang- 4% 
ing electricity into mo- “ 
tion. A motor is built on 
essentially the same plan 





HIGH TENSION 
CIRCUIT 


at 


asadynamo. Armatures, 
permanent magnets, and 





Popular Sctence Monthly. 
FicuRE 184.— Tue IcNniTION SysTEM. 
What does the 


commutators are found Study the little men. 
in both. Study very coil do to them? the battery? the spark 


carefully the parts of the BINe? , Wien, dss the sar lug tre? 
motor pictured in Figure 
177 and read the description underneath the picture until 
you understand how it works. Then secure a small cheap 
motor, study its parts, and see how it works. Finally, take 
it apart, assemble it again, and see if it will run as before. 
303. Commercial Motors. — In practice, motors are not 
as simple as the one shown in our diagram (Fig. 177). A 
motor of such simple structure would supply uneven im- 
pulses of power because the force between its armature and 
field would not be constant. So, instead of one electro- 
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magnet, the armature may consist of four or even a dozen, 
wound with miles of wire all revolving on the shaft. This 
requires, of course, a commutator of many parts and a 
very finely adjusted set of brushes. But the principle is 





Popular Science Monthly. 
FicurE 185.—A MopbERN PLEASURE CAR. 


Compare with Ford's first car (Key Picture 12a). What are the like- 
nesses ? the differences ? Explain. 





Popular Science Monthly. 
FicuRE 186.—A MopERN FREIGHT CARRIER. 


Note the size of the log. To carry it is play for this truck. Explain. 
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the same, whether in a toy motor, or in one weighing tons 
like those now commonly used in the electric locomotives 
which draw heavy trains. (Plate III and Fig. 188.) 

304. How the Trolley Car Works. — The current for the 
car may be generated miles away at a power house by water 
power or near by through the use of steam. Explain this. 
(Study Plate III and Fig. 187.) ; 
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Ficure 187.— How A TROLLEY CAR WORKS. 


What causes the car to move? How is the movement of the car con- 
trolled? What becomes of the electric current used in the car? Trace 
the electric current from the power house around the circuit. 


This current is controlled by the motorman by means of 
levers on top of the control box—a reverse lever and 
a progressive power lever. In starting the car, the 
brake is released and the power lever is advanced a notch 
at a time, the car meantime gaining speed. At the last 
notch the car reaches its maximum speed. When stop- 
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ce ae 





FicureE 188.—A LarceE ELEcTRIc LOCOMOTIVE. 


What makes it move? Where are the motors? Where does the power 
come from ? 


ping, the power lever is turned back to its first position, 
shutting off the power, and the brake lever is applied. The 
controller does two things: (1) It starts the car, and (2) it 


governs the amount of electricity that goes into the motor, 
thus controlling its speed. 





FicurRE 1894.— An UNIMPROVED CountTRY Roap. 


How does this kind of road affect farming? industry? What has chiefly 
caused the building of good roads ? 
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The brakes are operated by air, which is compressed in 
strong chambers by a small motor. This brake motor may 
often be heard running 
under the floor of the 
car. <A control lever at 
the car front allows some 
of this air to escape 
against the brake and 
the car is stopped at the 
will of the motorman. 

305. Heating and 
Lighting the Car.— All 
electric cars are lighted 
by electric bulbs fed by 
current coming over the 
trolley wire. This light 
is often dim and irregu- 
lar while the car is run- 
ning. Explain. Thecar 
is heated by resistance 
coils placed under the Why is this better than that shown in 
seats. These coils be- Figure 189a ? 
come red hot and give 
off much heat through registers into the car. This is an ex- 
cellent example of the transformation of energy. Explain. 





FicurRE 1898.—A Goop ConcrETE Roab. 


5. THE ImporTaNce oF Goop Roaps, STEEL Brinass, EAsy 
CuRVES, AND GRADES IN MopERN TRANSPORTATION 


306. Roads. — The coming of the automobile has made 
great changes in the construction of roads (Figures 189a and 
189b). In large towns and cities where the traffic is very 
heavy, the streets are now paved with asphalt, or wooden 
blocks, or concrete. In the country, concrete is now the most 
durable road material and is fast replacing the macadam, 
crushed stone, and cement roads. A concrete road is laid 
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down upon a bed of crushed stone (Fig. 190). It is laid in sec- 
tions each containing iron rods or steel mesh to prevent warp- 
ing and can be relaid easily without destroying the whole road. 
These roads are higher 
in the center than at the 
sides. Explain. The con- 
crete road lasts because 
the older it gets the 
harder it gets. It also 
gives the best grip for 
Ficure 190.—Cross Section or Macapam tires. Explain. 
(ABOVE) AND CONCRETE (BELOw) Roaps. 307. Grades and 
Above: a, clay; b, coarse stones; Curves.— Grades are the 


c, small stones; d, sand and fine gravel. 1; 
: aoe ig problems of road en- 
Below: a, clay; b, crushed stone rolled big P 


together; ¢, concrete poured on wet and gineers. In railroads, a 
hardened; d, asphalt covering laid on tar rise of more than two 
pares eee better road? Give your pag ouewae — st geld 
Teaenne hundred feet is excessive 

and greatly reduces the 
efficiency of the road. So engineers plan to eliminate sharp 
grades by digging tunnels and by the use of many curves. 
These slow up a train, but they are less of a hindrance 
than a steep 
grade, as it takes 
five times as 
much power to 
draw a trainload 
of 1000 tons up a 
2 per cent grade 
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FIGURE 191.— GRADES AND CURVES. 
; Above: A 2% grade. Above this grade engines 
as it does t0 cannot easily go. Why? 
draw it along a Below: Arrangement of track in a curve. a, tie; 
level surface b, roadbed; c, rails. Why the rise in the outside 


rail? 


(Fig. 191). 

Curves on our highways and railroads are being straight- 
ened. The great increase in speed makes this necessary. 
Where curves on our highways cannot be greatly reduced 
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signs warn the drivers. Many accidents have happened on 
curves which had been improperly constructed. When a 
curve comes in a railroad the train tends to jump the track. 
Explain. Experience has shown that the outside rail must 
be considerably raised to overcome inertia and cause the 
train to take a new direction. Properly banked roads allow 
trains to keep their original speed (Fig. 191). -This is a great 
saving in time and 
expense to railroads. 
Automobile roads are 
now being built with 
sharp curves banked. 
308. Bridges. — 
Bridges are necessary 
where streams are 
found. They save 
many miles of travel 
in highways and rail- 
toads. Early bridges 


were of logs, each act- . 
ing as a girder. Even FicuRE 192.—Two Types oF STEEL BRIDGE. 


to-day small streams Above: Plate girder bridge. Why is this 


very strong and rigid? 
are spanned by long “Ao: A triangular truss bridge. Why is 


beams. For longer _ this light and strong? 

bridges trusses must 

be used. A truss is a combination of beams, rods, bars, and 
the like, forming a rigid framework which provides support 
for some object. 

For extreme distances the cantilever bridge is used. An- 
other type of bridge is the suspension. Tall towers of 
stone or steel support enormous cables composed of thou- 
sands of small wires bound together. From these cables 
steel rods hang and support the roadway. The new Bear 
Mountain Bridge across the Hudson River is an example 
of this type. This makes a most beautiful bridge (Fig. 193). 
- The simple arch bridge is one of the commonest and oldest 
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types. It is still widely used, even for very large 
bridges. 

The future prosperity of the country will depend not so 
much upon new inventions as upon increased facilities in the 
use of our present inventions. Good roads will be one of 
the chief factors in the future work of the world. 
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FicuRE 193.— THE BEAR MounrtTAIN SUSPENSION BRIDGE. 


This bridge spans the Hudson River at Bear Mountain, N. Y. Why is 
it called a suspension bridge? 


REVIEW OUTLINE 


1. Transportation Depends upon Power Generated by: (1) An- 
imals; (2) man; (3) steam; (4) exploding gases; (5) electricity. 

2. Harly Locomotives: Types. Work of Trevithick, Newcomen, 
Watt, and Stephenson. 

3. The Modern Locomotive: Essential features. Sources of 
steam power. Steam as a gas; expansive power; dangers. 


4. The Four-Cylinder Gas Engine; Essential structure. Piston 
strokes. 
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5. Cooling the Engine by: (1) Air; (2) water; (3) oil. 

6. The Gas Engine and Transportation: Early types. Seven 
important systems composing the modern automobile are: 
(1) Chassis (wheels, springs, frame); (2) body; (8) power plant 
(engine); (4) transmission (gears); (5) cooling (radiator, fan) ; 
(6) ignition (battery, lights, spark plugs, ete.); (7) control (steer- 
ing wheel, pedals, brakes, etc.). 

7. Use of the Automobile To-day in: Quick, oa hauls distribut- 
ing (1) freight, (2) food, (3) passengers. 

8. The Electric Motor: Parts: Principle upon bethieks it works. 
Commercial motors and their use in the electric car and electric 
railway engine. How the electric car is built, how controlled, how 
heated and lighted. 

9. Aids in Transportation: Early roads. Kinds of roads: 
dirt; macadam, asphalt, concrete. Grades and curves. Bridges: 
kinds. Special uses for special locations. 


SUMMARY 





With the coming of Trevithick, Stephenson, and Stevens, real 
progress in land transportation began. Steam was harnessed by 
these men in a locomotive early in the nineteenth century and a 
limited amount of goods was carried some distance by this power, 
although the pace was still slow and reaching the desired point 
somewhat uncertain. 

By a series of wonderful inventions and improvements, princi- 
pally in size, weight, and efficiency, the modern locomotive came 
into use. The expansive power of steam when confined in a small 
space and allowed to act upon a movable piston connected with 
drive wheels changes to-and-fro motion into rotary. motion. This 
is the principle of the locomotive. This machine was the greatest 
factor in the development of our country before the year 1905. 

About the year 1906 the gas jas engine was perfected and placed in 
the “‘ horseless carriage ,’’ now known as the automobile. Its prin- 
ciple is simply the explosion and expansion of intensely heated 
gases within a small cylinder against a movable piston, which also 
changes to-and-fro motion into rotary motion. 

The automobile is a complex machine using a very simple prin- 
ciple. Its parts are all dependent one upon the other and require 
knowledge and careful control by the driver. The greatest fac- 
tor in the development of our country since 1906 has been the 


automobile. 
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The inventive genius of scientists has been able to generate, by 
means of dynamos, electric currents which can be used to do work 
by means of the electric motor. Applied to machinery in factories, 
to the électric car, to household appliances, and to the automobile, 
it has made our lives richer and more pleasant. Used in connection 
with railways, subway trains, and the like, it has made possible short 
and rapid hauls of freight and the climbing of grades impossible 
to the steam locomotive. It has brought the city to the country 
and the country to the city. 

With improved engines and electric tractors and the automobile 
came stronger rails, steel bridges, better roadbeds, and concrete roads. 
Straightened roads and easy grades have added comfort and in- 
creased safety to all travel. Good_roads are the greatest develop- 
ment of the last ten years in our country, because improved trans- 
portation made better roads necessary and better roads make 
faster and better transportation possible. 


Remember That : 


/ 1. The usefulness of the modern steam locomotive is due to its 
great pulling or traction power. 

2. The usefulness of the modern gas engine is due to its lightness 
and small loss of heat energy. 

3. The modern automobile is the result of intense scientific 
experiments extending over many years. 

4. The electric car is possible because electrical energy can be 
transferred long distances on wires and transformed into mechani- 
eal motion. 

5. The present high state of development in transportation is 
due to the discovery of new methods of reducing friction and of 
checking loss of power, and to the increase in the size of the engines. 

) 


THOUGHT QUESTIONS 


1. How does steam do work in the cylinder? 

2. Why is sand placed upon the rails when a train is going up 
a heavy grade? 

3. Why are the drive wheels of a locomotive weighted along a 
part of their edges? 

4. Why is the electrification of steam railways a matter of 
economy ? 


5. What is the use of the commutator and the brushes in a 
motor? in a generator? 
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6. Mention some important differences between gas and steam 
engines. 

7. Why do railroads tend to shorten their routes? Why do 
they avoid grades? Why do they prefer curves to grades? 

8. How has the automobile influenced road building in the 
United States? 

9. What is the lightest type of bridge in proportion to its size? 

10. Why is the concrete road the best form of road made? 


. 





Key Picture 128. —Wuy Suipes FLoat. 


The relation between a ship’s weight and its volume determines its float 
ing capacity. The water displaced by the ship must exactly equal the 
weight of the ship. In the figures 1, 2, and 3 above, the ships vary in weight 
but all stand out of the water the same distance. Try to explain. Again, 
in the figures 4, 5, and 6 the weights of the respective ships are equal but 
displacement varies. Explain. 

Tell the meaning of the four corner pictures. What are the advantage and 
disadvantage of each kind of vessel? Whichis the best? What makes each 
float? 364 
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B. TRAVEL ON WATER 


Ancient rocks, 
My hardy bones, are rent with nitrous fire, 
To rear thy marts. to bridge the leaping streams 
Or to usurp the ocean’s olden right, 
That selfish trade may dry-shod walk to power. 
The very ocean, Srim, implacable, 
Thou loadest with the white-winged fleets of commerce. 

— George H. Boker. 


A life without a purposeis a languid, drifting thing. 
— Marcus Aurelius. 


Do You Know Why an Iron or Steel Ship Will Float? 


Many people do not know how to explain the fact. In this 
chapter you can learn the principles which underlie boat 
building. Did you ever think about what makes a boat 
float or a piece of iron sink? Can you tell why a boat will 
remain upright in the water and why some small boats 
are safe and others unsafe? What a long history is the 
development of water travel! How long men traveled 
on water before the propeller was invented! How does 
a propeller make a boat go? Can you tell? How do 
steam and electricity send a liner across the Atlantic? 
Tell your neighbor how a submarine works. Here is a 
test of your knowledge. Try it. How does the ship 
captain know where he is? How is travel on the sea 
made safe to-day? These are questions for you to solve. 





Some Practical Questions : 

1. Why was early transportation on water extremely slow? 

2. What discoveries made long water journeys practical ? 

3. Why did men think for many years that iron ships would not 
float? 

4. Why are sailing ships going out of use? 

5. Why is harbor and river improvement necessary for the 
proper development of water transportation? 


366 Travel on Water 


Home Problem. — Make a simple sailboat and place it on the 
nearest pond. Try to sail it by fastening the sail and rudder in 
different positions. Learn to explain the different actions of the 
wind on the boat and how the boat’s sail and rudder react to these 
actions. 

Field Problem. — Learn to row and control a boat or study a 
motor boat and try to understand the construction and working of 
the engine, ignition system, propeller, and rudder. Study the 
balance of the boat. Report your findings to the class. 


1. Earty Water TRAVEL 


309. Primitive Travel on Water. — Commercial travel by 
water was common in the Mediterranean Sea before northern 
Europe emerged from barbarism, but the boats used were 
extremely crude. Later the Phcenicians (fé-nish’énz), who 
were a seafaring people, built strong ships of hewn planks 
spiked together and caulked with pitch. These ships, 
being wide and light, drew little water and were propelled 
by oars in the hands of slaves, arranged in banks or tiers. 
Such boats were called galleys. Later these ships were 
equipped with sails, which was a great step in advance as 
it saved labor and the feeding of many men. But all such 
ships had to go with the wind as they were not furnished 
with deep keels to allow tacking or sailing against the wind 
(Key Picture 12b). 

With the invention of the compass, about 1250, and the 
improvement in managing ships, men began to venture forth 
into the Atlantic, and within two hundred and fifty years the 
world was circumnavigated. 


2. How a Boat Fioats anp Is Mape STABLE IN THE 
WATER 
Demonstration 35: Problem: What makes an object float in 
water ? 
Materials: A shallow tin dish; an overflow can; a spring balance; 


a block of wood small enough to go into: the overflow: can; ‘a 200- 
gram weight; and some water. 
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Method: A. Fill the overflow can with water until it overflows. 
Weigh the block of wood and record the weight. Weigh the 
shallow dish. Set the block carefully in the water of the can and 
allow the overflow to run off into the shallow dish. Knowing the 
weight of the dish, procure the weight of the overflowed water. 
Compare this weight with the weight of the block of wood. 

B. Now fill the can with water again. Remove all water from 
the shallow dish. Let the 200-gram weight down into the water 
until completely submerged. Fasten the weight to the spring 
balance and weigh in water. Does it weigh 200 grams? Why? 
Now weigh the overflowed water. Does it weigh as much as the 
200-gram weight lost in the water? Can you tell why the weight 
sinks? 

Conclusion: Why does the wood float and the iron sink? Does 
the iron displace its own weight of water? Explain. Does the 
floating wood displace its own weight of water? Why will some 
objects float in water? Why does not an iron ship sink? Write 
this demonstration in complete form in your Science Discovery 
Book. 


310. Why Things Float. — The very center of the problem 
of water travel is buoyancy. A sinking ship is worthless. 
Ships must float to be safe for ocean travel. No savage can 
tell you why a log or canoe floats but he uses the principle 
of buoyancy every day of his life if he lives near water. 
Archimedes (ar’ki-mé@déz) is said to have been the first 
man who really discovered and understood the principle of. 
buoyancy. 

Bulk is important in the floating of objects. For this 
reason, boat builders can compute the weight of a ship, how 
much water it will displace, and how deep it will sink in the 
water when it is launched. This allows them to paint the 
water-line upon the sides of the ship before it ever touches 
the water (Key Picture 12b). 

311. Stability. — Early boats, being raft-like, sat low in 
the water and did not capsize when unequal weights were 
placed upon their decks or the cargo was suddenly shifted. 
But later boats built for speed were lighter and sat well up 
out of the water. This meant more danger of turning over ; 
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that is, less stability. What, then, is stability? It 7s the 
property of an object which tends to cause it to return to tts first 
position when moved out of place (Key Picture 12b). 

312. How Stability and Safety Are Secured in Boats. — 
There are several ways of securing stability, but the more 
common are: (1) By building a boat with a wide beam 
(width) ; (2) by building air chambers in the boat; (3) by 
using a fixed ballast, such as rock, iron, or water; (4) by 










































































Figure 194.— How A Boat 1s MADE STABLE. 


Above: a, deck; b, air chamber; c,. ballast; d, weighted keel. What 
helps to make this boat stable? 

Below: At a the buoyant force of the water is in line with the gravity 
force down. The boat is stable. Note the weight and arrows in b and c. 
Is the boat stable or unstable in b andc? Explain. 


weighting the keel; (5) by using a center-board. The 
last two methods are now always used in sailboats to make 
them safe and allow them to sail against the wind. Explain 
each of the above pictured methods of securing stability 
(Fig. 194). 

313. Sailboats. — The ancients used square sails on their 
merchant ships and when these were placed at right angles 
to the direction of the wind, they offered resistance to 
it. The boat, being movable, was pushed through the 
water, but only in one direction, — with the wind. Thus 
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sailors were always obliged to wait for a favorable wind before 
setting sail. If the wind changed, they sought a harbor or 
an anchorage and waited for it to change back again. They 
knew nothing of sailing into the wind. They could not 
“ tack ”’ (Key Picture 12b). 

But progress in design and equipment next resulted in a 
type of square-rigger like that shown in Figure 195. The 
invention by an Ameri- Te i 
can of the schooner with | ree 
its fore-and-aft rigging 
produced a type of ship 
which was more efficient 
than its predecessors 
because it could sail 
“‘ closer” to the wind. 

314. The Floating of 

Iron Ships. — The time 
came when ship builders 
began to look for a ma- 
terial that was stronger 
than oak for the hulls 
of ships. Iron was sug- 
gested, but the idea was 
laughed at, because 
everybody knew that 
iron would not float. Ficure 195. —A BARK. 
Richard Trevithick, an The Arctic Stream becalmed off Cape 
Englishman, planned an Horn. Was this ship safe? Why was it 
jron ship, however, and slow? Why was it a great step in ad- 
built it at Glasgow in vance over the ancient boats ? 
1818, calling it the Vulcan. It was in service sixty years, 
proving the value of iron ships. It was actually lighter in 
proportion to its carrying capacity than a wooden ship of the 
same size. After 1835 the position of the iron ship was as- 
sured. In 1859 the first iron steamboat was built and about 
1870 steel (iron, page 314) took the place of wood in ships. 
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To understand why a steel ship floats one must know 
something about specific gravity. Here, specific gravity 
is the ratio of the weight 
of a body to that of an 
equal volume of water 
Receiving Bucket (Fig. 196). 


Water caused to Overflow 


by the Volume of the 3. Tue Uss or STEAM IN 
Metal Object. 


This Body of Water WATER TRANSPORTATION 


weighs 20 Grams, 
315. The Steamboat.— 
The year 1807 was a 
most eventful one in the 
FicureE 196. — SPECIFIC GRAVITY history of water transpor- 
APPARATUS. . 
tation. In August the 


The metal weight pushes down with . 
50 grams pressure. The water pushes little Clermont steamed 


up with 20 grams pressure. The body from New York to Albany, 
sinks because it weighs 2} times as much g distance of 150 miles, in 
as the water it deplaess 16 rec 39 hours PlatelII).. This 
was the more remarkable, 
because Fulton was told by engineers that water wheels could 
be moved by water but that they would never move a boat 
in‘ the water. But Fulton figured that when the wheels 
turned, the pressure of the water upon them would cause 
the boat to move while the water would remain more or less 
stationary, because of its inertia. Can you explain this? 
The test showed him to be right. The Clermont was fitted 
with two side paddle wheels, each 15 feet in diameter, and 
when they turned, the boat moved, to the wonder of all 
and the discomfiture of his critics. Fulton’s boat was also 
provided with a working beam. To-day the palatial 
(pa-la’shal) steamers of the Hudson River use the same type 
of walking beam with side wheels inclosed in paddle boxes. 
316. Transatlantic Steamboats. — In 1838 the Great 
Western crossed the Atlantic in 12 days and 74 hours, using 
only steam for power. She made over 200 miles a day, con- 
suming more than 450 tons of coal in crossing. In 1840 the 


Metal Body welghing 50 Grams, 









Water In Overflow Bucket 


Overflow Can 


Robert Fulton (1765-1815) 


Robert Fulton was a born experimenter. He was always playing 
with quicksilver and so won the name ‘‘ Quicksilver Bob.’’ He 
busied himself inventing toy machines, built paddlewheel boats, and 
experimented with guns. He 
was continually busy in find- 
ing out new facts and laws 
about his environment. He 
studied architecture and 
painting and while a young 
man became a portrait painter 
in Philadelphia. But his mind 
was ever on the subject of 
machines. In 1786 he went 
to England and saw Watt’s 
steam engine at work. He 
recognized its possibilities in 
navigation and immediately 
began experiments along this 
line, working both in France 
and England but without en- 
couragement from either 
country. His success was to 
be won at home. 

Returning to New York in 1806 he formed a partnership with Robert 
Livingstone, a financier, and built a steamboat, the Clermont, named 
after Livingstone’s estate on the Hudson River. On August 17, 1807, 
in the presence of skeptical and jeering crowds, the boat began its 
famous and successful journey to Albany. The day of the sailing 
vessel had ended and that of the steamship had begun. 

No one can begin to estimate the value of Fulton’s work to the 
world. The tremendous commerce of the oceans to-day is the result 
of his active mind and his scientific spirit. He is one of the world's 
great benefactors. 
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first steamboat to be used in regular passenger service be- 
gan its trips between Liverpool and Boston. From that time 
to the present the problem of ocean travel has been to in-- 
crease efficiency, safety, and comfort by increasing the size 
and speed and improving the shape of the hull. 

817. The Screw-Propeller Boats. — Later, two and three 
propellers were used, and finally in 1908 the Mauretania and 
her ill-fated sister ship, the Lusitania, built with four propel- 
lers (two of which can be reversed by special gears) out- 
distanced all rivals, making the 
voyage across the Atlantic in 4 
days, 20 hours, and 22 minutes. 

318. The Steam Turbine. — 
The steam turbine has been a 
great factor in improving ocean 
travel. First used in 1897 in a 
ship called the Turbine, 34 knots 
an hour were made as against 
24 knots in the old type of ship. 
The Lusitania, the best example 

of this type of ship, used turbines 

pcre acta STEAM developing 68,000 horse power. 

This is the same as saying that 

it would take a line of horses 120 miles long, placed head to 

tail, to do as much work as that done by the engines of 

this mighty ship. Set up an apparatus as shown in Figure 

197, start it going, and then explain the principle of the 
steam turbine. 

319. Advantages and Disadvantages of the Steam Tur- 
bine. — The ordinary steam engines cause considerable 
vibration, but the turbines are practically vibrationless. 
They occupy less space, are more economical at high speeds, 
are easily controlled, and need few repairs. They are noise- 
less, steady, and powerful. On the other hand, they cannot 
be reversed. Two sets of turbines must be used, one for for- 
ward and one for backward speeds. But their advantages 





The Leviathan 373 


far exceed their disadvantages and they seem to be assured 
of use for many years to come. 


4. THe Mopern STEamsuHip 


320. The Leviathan. — This ship, a monster of the deep 
as its name implies, is now, with one possible exception, the 
largest ship afloat (Fig. 198). Built by Gérmany, she was 
taken by the United States during the World War and refitted, 





Ficure 198.—Tue Leviathan. 


The wonder ship. Compare the sailboat to the great ship. A trolley 
car could go through its smoke stacks. What makes it float? How 
much water will it displace ? Explain. 


and is now in passenger service in control of the Shipping 
Board. Some idea of the tremendous size and capacity 
for carrying passengers can be gained from the table on 
page 374. “In elegance and sheer beauty this ship excels 
anything the world has ever seen.”” Equipped with social 
halls, palm courts, restaurants, and enormous dining hall, 
Pompeiian bathing pool holding 120 tons of sea water, 
and steam, Turkish, and electric baths, it is more than a 


floating hotel and palace. 
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There are ten million wires in the ship to control her elec- 
trically ; it costs nearly $100,000 for the food alone to supply 
her passengers for one voyage and it cost over $8,000,000 
to put the ship in condition for use. Now compare this with 
the galleon of Columbus, the Mayflower, or even the ocean 
liners of twenty-five years ago, and one can get some idea of 
the enormous advances that have been made in ocean travel. 


LEVIATHAN FACTS 


Teng thyyoeeeeeee reer er 950 ft 
Widths itera ee haart: 100 ft 
Height, keel to bridge.............-- 124 ft. 
Height, keel to stacks.......-....-.- 180 ft. 
Draft) ico). en iets ahha 40 ft. 
Tonnage, glossaries 59,957 tons 
Horsepower. skis cttccis sretsier etnies 100,000 
‘Boileraweey ot. lett. 46 boilers, 30 furnaces 
Decks) .ce ee 9, of steel; area 74 acres 
Capacity. eee ee 973 1st class passengers 
Capacity. mei 548 2d class passengers 
Capacityimecnc. = 944 3d class passengers 
Capacity. ......: 1334 4th class passengers 
CTO WAI a ee oe arene eee 1700 
Total Capacity ia see cee cae ie eee 5499 


— From the Boston Globe. 


5. Tur PRINCIPLE OF THE SUBMARINE 


321. Submarines. — The principle upon which the sub- 
mersible boat works was discovered by Archimedes, but 
it was never put to practical use until 1775, when the first 
submarine was built by David Bushnell of Westbrook, 
Maine. In fact, the destructiveness of this type of boat was 
never fully demonstrated until the World War. 

The modern submarine was developed by John Holland, 
an American inventor. His first boat was 60 feet long, 
weighed 75 tons, and carried 10 tons of water as ballast. 
Horizontal rudders along its sides gave it great stability. 
It could sink 30 feet in 10 seconds. The latest boats are 
nearly 200 feet long, carry 35 to 40 men, have a wide 


cruising range, and are extremely complex in construction 
(Fig. 199). 
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322. The Principle of the Submarine. — A submarine is so 
built that its total weight is a trifle less than the weight of 
an equal volume of water. It will thus just float. By add- 
ing water to its tanks, its weight is increased and it sinks. 
Explain. As its weight is lessened by pumping out the 
water ballast, it rises. Pressure gauges indicate to the com- 
mander the depth of the boat’s position at any moment. 





FicureE 199.—A SuBMARINE CRUISING AS A SURFACE Boat 
Why does it float? When will it sink? When will it rise ? 


6. How Water Travet Is Mape Sare 

323. The Navigation of Ships. — Certain maps are made 
to show steamship routes all over the world. How do ship 
captains know in what direction they are going, whether they 
are following the official route, and where they are at any 
particular time? 

324. The Compass. — The compass is useful because of 
the peculiar properties of its steel ‘magnetic needle.” This 
assumes a definite relation to the magnetic poles of the 
earth, if allowed to move freely. A modern mariner’s com- 
pass is very complex, the dial being divided into 32 segments 
and is set so as always to occupy a horizontal position on 
board ship. Explain. 

325. The Chronometer (kré-ném’é-tér). — This is a clock 
which keeps accurate Greenwich time. By noting the time 
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on the clock and the time the sun passes the noon meridian 
each day, the exact longitude of the ship can be located, as 
each hour means 15°. Thus if it is 3 p.m. Greenwich time 
when the sun passes the meridian, the ship must be exactly 
45° west of Greenwich meridian or longitude 45° west. Do 
you see this? Explain it. 

326. Method of Determining Latitude. — The method of 
determining latitude when out of sight of land is a compli- 
cated process, requiring a specially trained officer for its 
accomplishment. We 
can, however, get a 
general idea of the 
process. Each day 
the navigating officer, 
using a sextant and cer- 
tain tables which are 
\ printed in the Nauti- 
/ cal Almanac, measures 
the angle formed by 
lines running from his 
position to the sun 
and to a point on the 
horizon directly under 
FicureE 200.—A Sextant INcCLOSED In Its the sun. From the 

CASE. size of this angle he can 
determine his latitude. 

Clouds, the season, and other factors affect the calcula- 
tions, but the general method is always the same except 
when skies are overcast. Then the sailor must pick his 
course by ‘dead reckoning,” which means taking into ac- 
count his last known position and estimating his present 
position by allowing for such factors as the boat’s speed, 
cross-winds, and favoring or opposing currents. 

327. Method of Determining Speed. — In the early days 
the rate of speed was determined by dropping overboard a 
block of wood attached to a rope and allowing it to be paid 
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out. Knots tied in this rope at regular intervals were 
counted as they passed overboard. The rate of speed was 
then determined by the number of knots which passed over 
in a given time. Thus the word “knot” came to be used. 
The modern log is an instrument with revolving vanes which 
is dragged through the water and which registers the speed 
on a dial much as a ; 
speedometer works on an 
automobile. (Fig. 201.) 
The apparatus for meas- 
uring the distance cov- 
ered is also called the 
log, but it is attached 
to the vessel’s propeller 
shaft and the revolutions 
are registered in miles. 

328. Safety of Travel. 
—The ocean is the com- 
mon highway of the 
world. It is free to every 

Note the speedometer A. The cord B 


OM but this freedom connects with the propeller C. Why does 
leads to disaster unless jt revolve? How fast does it revolve ? 


extreme precautions are 
taken to avoid dangers in the shape of reefs, rocks, icebergs, 
collisions with other vessels, sunken ships, and floating derelicts. 

The great ocean liners, for these reasons, follow well-de- 
fined ocean lanes or paths, all vessels going in one direction 
following one lane and all going in the opposite direction 
following another lane. To avoid icebergs, the paths be- 
tween the United States and Europe are moved southward 
during the winter and spring. 

Again, all ships constantly use accurate charts upon which 
are shown all islands, shoals, reefs, rocks, sunken ships, and 
other obstacles. These charts when used with the Nautical 
Almanac, the compass, the sextant, and the log make ocean 
travel comparatively safe to-day. 





Ficure 201.—TuE Surp’s Loa. 
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Recently improved appliances for protection include the 
microphone (mi’kré-f6n) for detecting the sounds of bells 
situated under water on reefs and rocks, and certain harbors 
are now equipped with live electric cables set at the deepest 
part of the channel. All incoming ships follow this cable, 
following it by the use of wireless vacuum tube detectors, 
which are sensitive to electric vibrations. The wireless 





U. S. Bureau of Lighthouses. 
FicguRE 202A.— A GOVERNMENT LIGHTHOUSE AT Hoa IsLanp, R. I. 


Our harbors and shores are well dotted with these life preservers — lights 
that warn sea captains of dangerous rocks and shoals. Explain how this 
lighthouse is adapted for its quiet work. 


telegraph and telephone also keep ships in constant com- 
munication with the shore and with each other so that when 
trouble occurs the 8. O. 8. call brings at once ships from 
every direction to the rescue. 

Finally, lighthouses placed upon high promontories or 
reefs and provided with high-powered revolving lights give a 
steady or intermittent glow and warn of dangers (Fig. 202a). 
In harbors, highly colored buoys fitted with sirens and bells 
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warn of hidden rocks, while in deep waters lightships and 
buoys guide ships past danger points and through narrow 
channels (Fig. 202b). 

329. Water Travel and the Work of the World. — Water 
commerce is absolutely essential to prosperity and the carry- 
ing on of the work of the world. Cut off the Great Lakes, 
and Chicago, Detroit, Cleveland, and Buffalo would be 





U.S. Bureau of Lighthouses. 
Figure 202s8.— DIAMOND SHOAL LIGHTSHIP OFF COAST OF NORTH CAROLINA. 


Where sand bars and shoals shift a lighthouse would be worthless. Why? 
These lightships throw their lights at night and warn of hidden dangers. 


isolated. Block up the Hudson River, and New York and 
Albany would suffer greatly. Stop ocean traffic, and the 
whole world would feel it. The development of the steam- 
ship has created a new world. Distances have been elimi- 
nated. The whole world is close to every one of us. All 
countries are neighbors. Superstitions, old ideas, and seclu- 
sion of peoples are giving way to progress, cdoperation, 
interdependence, and world-wide sympathy. 
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REVIEW OUTLINE 


1. Water Transportation: Early methods; relation to discovery 
of new lands. Early ships: oaken galleys; sailing ships. Im- 
portance of invention of the compass. 

2. Buoyancy and Water Travel: Need of buoyancy in ships. 
Discovery of Archimedes. Meaning of buoyancy. Practical 
use in ship building. 

8. Stability: Definition. How secured in ships. 

4. Sailboats: Principles involved in sailing a boat. Disadvan- 
tages of early sailing vessels; advantage of the schooner. 

5. Iron Ships: The first iron ship. Meaning and importance of 
specific gravity as applied to ships. Why iron ships float. 

6. Steamboats: Fulton and the Clermont. Principles involved. 

7. Transatlantic Steamships : The Great Western (1838). Thescrew 
propeller ship. The Mauretania (1908). 

8. Marine Engines: The steam turbine (1897); how it works. 
The Lusitania. Advantages and disadvantages of the steam 
turbine. 

9. The Modern Steamship: Features of the Leviathan. 

10. Submarines: The work of David Bushnell and John Holland. 
The principle of the submarine. 

11. The Navigation of Ships: The importance and principle of 
the compass. The chronometer and its use. The sextant. 
Determination of speed by the knot. The log. 

12. Making Ocean Travel Safe by: (1) Charts; (2) ship lanes; 
(3) microphones; (4) electric cables; (5) wireless telegraph 
and telephone; (6) lightships, lighthouses, and buoys. 

13. How the steamboat and steamship have caused world progress. 


SUMMARY 


/ The early daring of a few men made commerce with near-by 
eountries profitable. This resulted in attempts to improve methods 
of water travel. 

The early sailboat of the Egyptians was a very crude affair. 
The Pheenicians built strong ships of oak and manned them with 
galley slaves and finally, sails. But even these ships were slow, 
because of their inability to go fast into the wind even by the 
aid of oars. In sailing, these boats had to go with the wind or 
not at all. 

With the invention of the compass, real ocean travel became pos- 
sible. Men knew then where they were going and how to get back 
again. With Archimedes’ principle in mind, ships were built large 
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enough to combat the ocean waves and carry more cargo, but it 
was not until the nineteenth century that boat builders would be- 
lieve that iron ships could float. 

Stability is an important factor in boat design. It may be secured 
by use of (1) a wide beam; (2) air chambers; (3) fixed ballast; 
(4) weighting the keel; or (5) a centerboard. An improvement in the 
modern sailboat is the better shaping of the hull and the use of 
the weighted keel or centerboard to allow it to“ tack” and to 
prevent its capsizing or “‘ drifting.”’ 

As ocean ships became larger, their stability was increased by 
their enlarged bulk below the water line, their greater weight, and 
larger cargo capacity. In iron ships, for the first time, the laws 
of specific gravity were applied to ship-building materials which 
were heavier than water. The hollow hull kept the weight of the 
volume of water displaced equal to the weight of the iron ship, and 
it floated. Since 1870 most ships are made of steel. 

The triumph of Robert Fulton in 1807 was the real forerunner of 
the modern ocean liner. In the Clermont, to-and-fro motion was 
made rotary by the use of the working beam and paddle wheel. 
This was followed by the screw propeller, steam turbines, high pres- 
sure engines, and improved hull construction. The great Leviathan 
includes all of these ship improvements. 

The submarine was invented and improved until it has become 
an efficient engine of destruction, simple in principle but very com- 
plex in structure. 

Of tremendous importance is the safe navigation of ships be- 
cause of their great cost and their large cargo of people and freight. 
The compass, sextant, chronometer, modern log, etc., have been in- 
vented and improved to increase safety of ocean travel. Further- 
more, improved charts showing danger spots, the laying out of ship 
lanes, the use of lightships and lighthouses, the microphone, the electric 
cable, the wireless telephone and telegraph have all been of great aid 
in making travel on the sea as safe as travel on the Jand. 


Remember that: ls 

1. The invention of the compass made modern water journeys ' 
possible. 

2. The invention of the steam engine made rapid ocean travel 
possible. 


3. Buoyancy and stability are the two great reqinemienis in 


the construction of all ships. 
4. Steel ships are buoyant because they are built to plate an _— 


- enormous amount of water. 
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5. The improvement in the instruments of navigation and com- 
munication has made water travel as safe as that on land. 


/ 


/ 


yf: 
THOUGHT QUESTIONS U/ 


1. Under what conditions will an object float in water? When 
will an object sink? 

2. How is the manner of loading a boat with freight important 
from the standpoint of stability? . 

3. Some countries require ship owners to have painted on the 
bows of their ships a foot rule indicating the point of the water line 
when the ship is loaded to full capacity. What is the idea of this? 

4. Why do racing yachts have a very deep keel? 

5. Why cannot a submarine sink to a depth greater than about 
250 feet? 

6. Why must a submarine always use two types of engines for 
propulsion? 

7. Why cannot the exact reading of the compass be accepted? 

8. Explain the use of the log and the sextant. 

9. What are the chief advantages of the Panama Canal to the 
United States? to the world? 


SPECIAL PROBLEMS 


1. Visit a ship yard and observe several types of boats under 
construction. Study a sailboat or yacht and observe its lines. 
Is it made for cargo? Does it appear that it will displace much 
water? Would this be desirable in a sailboat? What structure 
prevents the boat from tipping over under sail? What does this 
take the place of? Note the width of the hull. Account for this. 

Next observe a steamer or freight vessel. Note the bigness of 
hull and its great depth. Account for this. Of what is the hull 
made? How do you explain that this boat will float when launched ? 
Observe the steering apparatus or rudder. Explain how turning 
this rudder to the left will turn the boat to the left, while turning 
it to the right will turn the boat to the right. Note the propellers. 
Why are they placed where you see them? Account for the curves 
in the blades. Note how small these propellers are in proportion 
to the size of the ship. Why is the bow so pointed? If possible, 
study the interior of the ship, especially the engines. Find out the 
type of engine used, its connection with the propellers, its horse 
power, its number of revolutions per minute and the speed of the 
ship in knots and in miles. Report on your visit to the class. 

2. With the knowledge gained in your visit to the ship yard, 
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make a toy sailboat, rig it and sail it. Write up your experiences 
while making the boat, telling of your difficulties and the way you 
Overcame them. Explain the principle of the sailboat. Explain its 
buoyancy and tell why it floats. 

3. Learn to row a boat and become expert in handling it in all 
conditions (backing, turning, handling of oars so as to get most 
power, rowing in rough water, etce.). Report your experiences to 
the class. : 

4. Learn to sail a sailboat. Explain its principle to the class. 
Learn to tack, steer and handle the sails. Explain to the class the 
principle of tacking, steering, the use of the centerboard and explain 
the difficulties to be overcome in becoming a good sailor. 

5. Learn to run a motor boat. Explain to the class the principle 
of the engine, its care, starting, stopping and control of its speed. 
Explain the lines of the boat and their purpose and advantages. 
Tell the class the difficulties to be overcome in running a motor boat. 
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Key Picture. 12c. — AVIATION. 
A. What makes the balloon rise? B. What holds the kite up? C. A 


cross-section of the wing surface of the Spirit of St. Louis, drawn to scale 
from a blueprint submitted by the manufacturers of the plane, the Ryan Air- 


craft’ Manufacturing Company. The arrows show how the air is made to 


E. Charles A. 


D. The America. 


support the plane in flight (Section 335). 


Lindbergh. 
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C. TRAVEL IN THE AIR 


Brutes find out where their talents lie; 
A bear will not attempt to fly; 

A foundered horse will oft debate 
Before he tries a five-barred gate; 

A dog by instinct turns aside 

Who sees the ditch too deep and wide; 
But man we find the only creature, 
Who, led by reason, combats nature; 
Who when she loudly cries — forbear, 


He, led by science, takes the air. 
— Swift. 


Did You Ever Fly a Kite? 


Flying a kite looks easy. Can you explain why it stays 
up there in the sky? Can it be that the air has anything 
to do with it? Did you ever see a balloon, either large 
or small, rise? Well, why did it go up? Did you see 
the ZR3 come to the United States? How beautiful she 
looked in the sky! How could that giant carry 40 men so 
high in the air and for such a distance? Airplanes are 
so common now that people do not stop to see one pass. 
But can you explain why it stays in the air? Here is 
another fine test of your ability to explain things. If you 
find it too hard to tell about these things, this chapter 
will help you. 





Some Practical Questions : 

1. Why does a stone fall rapidly to the ground while a piece of 
paper flutters slowly to the ground? 

2. Why does a large piece of paper fall to the ground faster than 
a small piece of paper of the same kind? 

3. Why will a piece of cotton soaked in oil and lighted and then 
placed beneath a paper balloon cause the balloon to rise in the air? 

4. Why will a paper glider rise in the air if given a thrust? 

5. Why will a kite rise in the air on a string when pulled against 
the wind, but fall if the string becomes slack? 

Home Problem. — Make several types of gliders out of card- 
board or paper. Try them out and decide which flies the best 
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(swiftest, and stays in the air the longest). Determine the causes 
for this. 

Field Problem. — Visit, if possible, an airplane factory. Ob- 
serve a machine under construction and determine its principal 
parts and their functions. Learn as many things about the machine 
as you can from the mechanic and report your findings to the class. 


1. BaLLoons 


330. The Dirigible Balloon Finally Perfected. — In 1872 
Dupuy de Lome built a real dirigible balloon, driven by 
propellers three feet in diameter. It carried 14 passengers 





Figure 203.— Tue Los Angeles at Laxenurst, N. J. 


What is the use of the mast? Why does this dirigible float in the air? 


How is it controlled in flight? How propelled? How long do you think 
this airship is ? 


and made a speed of 7 miles per hour. Soon following these ex- 
periments, Hiram Maxim and Professor Langley, with Count 
Zeppelin, undertook the construction of a monster “ air- 
ship,” 416 feet long, 38 feet in diameter, divided into 17 
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air-tight compartments, and propelled by four screw pro- 
pellers. In July, 1901, Count Zeppelin and four assistants 
started on a journey, attaining a speed of 18 miles an hour; 
the ship responded perfectly to the rudder (Plate III). 

331. Recent Progress. — The dangers connected with the 
lighter-than-air ship seem almost unsurmountable. The 
Z38, a regular army British ship, buckled while in flight in 
1921 and fell into a river, and all her crew, including some 
American officers, were drowned. Next, the Roma, a mon- 
ster ship, collapsed while in a trial flight near Washington, 
caught fire and 34 of her crew were killed. The dangers of 
all gases except helium make the dirigible ship a death trap. 
Their future use will depend upon marked improvements in 
construction and handling. The transatlantic flight of the 
monster ZR3, a German-made ship now known as the Los 
Angeles, showed the possibilities of a giant lighter-than-air 
ship (Fig. 203). The flight of Roald Amundsen in the Norge 
across the North Pole in May, 1926, suggests future uses 
of these giant airships. The tragic loss of the Shenandoah 
showed that these large ships must be structurally sound to 
withstand a severe storm. 


2. THe LANGLEY AIRPLANE 


332. Air Resists Moving Objects. — You have seen how 
moving air is used in sailing a boat. The air here actually 
does work, but sometimes, through its inertia, it hinders 
travel. It seriously checks the speed of an automobile. 
Can this resistance of the air be used to our advantage? 

333. Experiments in America. — Birds are, on the average, 
1000 times heavier than the volume of air which their bodies 
displace; yet they fly. Why could not man also, though so 
much heavier than air, hope to find some way to fly? Hiram 
Maxim, the inventor of the machine gun, and Professor 
Langley, of the Smithsonian Institution in Washington, D.C., 
both worked on the principle that air has inertia and will 
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support a weight for a fraction of a second. They con- 
structed a model machine with two wings, equipped with a 
propeller revolving 1200 times a minute. The trial test was 
a great success, the machine flying in a circle 100 yards in 
diameter over the water and alighting in perfect condition. 

Three problems were solved by these tests. (1) A flying 
machine could lift itself from the ground; (2) it would lft 
more than a balloon of equal weight; (3) it could be sent 
through the air at a high rate of speed. Balancing and 
stability had still to be solved. 





Popular Science Monthly. 
FIGURE 204.— THE First FLiGHT EvER MADE BY A HEAVIER-THAN-AIR 
MAcHINE CARRYING A PASSENGER. 


Tell why this machine flew. 


334. The Wright Brothers. — Using Langley’s results. 
Wilbur and Orville Wright flew kites for months in order to 
find out how and why they stayed in the air. The brothers 
then built small gliders and tested them. Finally, they built 
gliders having surfaces of 200 square feet and large enough to 
carry a person. With an 18-mile wind blowing these gliders 
would just keep in the air, where they were studied hours at a 
time, one man on the ground and the other in the glider. 
The Wrights, having solved the problem of remaining in the 











Popular Sctence Monthly, 


Orville and Wilbur Wright 


On September 12, 1908, at Fort Meyer, 

Va., Mr. Orville Wright made the first 

practical airplane flight. This victory in 

the air electrified the world. The result, 

however, was not one of chance. It was 

a triumph of patient work and a success 

preceded by discouraging failures. The 

two Wright brothers never gave up.. They 

Wilbur Wright paid a price of great labor and to-day we 
reap the reward of their work. 

Orville and Wilbur Wright were the proprietors of a small bicycle re- 
pair shop in Dayton, Ohio. They were mechanics. They read every- 
thing they could find on the subject of gliding. They flew kites, watched 
birds fly, and experimented with gliders in their attempt to solve the 
problem of flying. 

For three years they worked, and in December, 1903, they flew for 
59 seconds in a biplane driven by a 12 h.p. gasoline engine. In 1909 
a satisfactory endurance test was made before government officials ac- 
companied by President Roosevelt. 

Wilbur Wright died in 1912 knowing full well the great value of the 
invention developed by him and his brother. Beginning as humble me- 
chanics, these brothers became scientists of the finest type. Free from 
boasting, quiet, unassuming, and deeply religious, these two men are en- 
tirely worthy of their fame. Their names rightly belong to the list of 
great Americans. 
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air, next solved the problem of control by tilting the wings 
of the glider. By 1901 they could sail 900 feet down hill 
against the wind. The last problem was to propel this 
glider. On December 17, 1903, they put a gasoline motor 
in the glider and flew for some minutes — the first time in 
history that a heavier-than-air machine had lifted itself off 
the ground with a passenger (Fig. 204). 

With a simple kite you can solve for yourself some of the 
problems which faced the Wright brothers. 


3. How THE AIRPLANE STAYS IN THE AIR 


335. Why the Airplane Stays in the Air. — When a boy 
starts to fly a kite, he runs against the wind with it, holding 
it with a string attached to it in such a way that its surface 


ee 





Ficure 205.— A Mope GLIper. 
This shows how to make and operate a glider. 


is held in an inclined position with reference to the wind’s 
direction. But when the kite rises high enough to feel the 
wind, it keeps up in the air even though the boy stands still. 
If the boy now runs or pays out the string, the kite rises 
higher, really sliding up on the air, because the air is moving 
against the kite. Remembering that the kite is many times 
heavier than the volume of air it displaces, how does it stay 
up in the air? This can be partly discovered by an experi- 
ment. Make a glider as shown in Figure 205 and try to 
find out by using it how it stays in the air. 
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But you have not entirely explained why the airplane stays 
in the air. The inertia of the air and the revolving pro- 
pellers are not sufficient to keep the plane up. This the 
Wright brothers soon discovered. What other force can 
possibly help the airplane to fly? This you can easily find 
out for yourself. 





A 





Popular Science Monthly. 
FicguRE 2064.—A BARLING BoMBER. 


Note the three planes (frplane). Compare the airplane and the automobile 
as to sizes. What is the advantage of the extra plane? What is the special 
work of this airplane ? 


Suggested Experiment.— Take an ordinary sheet of paper 
{8” X 11”) and holding it by one edge in front of the mouth, blow 
the breath across its upper surface. What happens? Explain this 
result. Do you think the atmospheric pressure is less above than 
below the paper? What did your breath have to do with this? 
Why did the paper rise? 

If the airplane wing is cambered (arched toward the mid- 
dle) what. effect will this have on the air above and behind 
the planes? Study Key Picture 12c. What helps keep an 


airplane in the air? 
4. Toe Wricut AIRPLANE 


336. The Wright Biplane.— The lifting power of this 
machine was obtained by two horizontal planes of canvas 
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stretched over wooden frames. It was kept on an even keel 
by the warping of the wings or planes by means of levers, a 
vitally important feature of the whole mechanism. The 
connecting of the vertical rudders with the mechanism for 
warping the planes on the same lever so that they could be 
worked together by one movement of the lever was patented 
in 1906 and the whole world then knew the combination. 
The rapidity of the advancement of aviation since 1918 is 
well shown in the accompanying news item. 


MAUGHAN CROSSES THE UNITED 
STATES BETWEEN DAYLIGHT AND 
DARKNESS 


June 24, 1924. Yesterday Lieut. Russel 
L. Maughan crossed the United States in a 
government plane, starting at 3:59} a.m. 
daylight-saving time and reaching San Fran- 
cisco at 9:47 Pacific time. He made five 
stops for fueling and he accomplished a feat 
which in his own words was not remarkable, 
but ‘that can be done every day in the 
week.’”’ This trip but proves the possibility 
of mobilizing the entire airplane forces of the 
United States at any one spot in it, in one 
day.— New York Times, June 29, 1925. 


Special Problem. — Let some member of the class volunteer to 
write the Office of the Chief of Air Service, War Department, 
Washington, D. C., asking for data concerning the very latest 
records made in aviation, including information concerning dis- 
tances covered, speed, altitude, and lifting power. 

Study Figures 206a and 206b. Tell how the planes shown differ 
from the original Wright plane and to what uses they are put. How 
are they adapted to the work they do? 


337. The Airplane and the Work of the World. — The 
future of the airplane will be concerned mostly with con- 
structive rather than with destructive work. The Washing- 
ton Conference attempted to limit its use in warfare and 
future conferences will without doubt place it where its 
terrible, destructive power will not be called into action. In 
the works of peace, its future is assured. Used now all over 
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the world in carrying mail, its schedule scarcely ever varies. 
It carries freight of all kinds and scores of passengers daily. 
It is now used in police work, in forest ranger work, in super- 
intending large ranches in the West, and even to spray trees 
and crops, especially cotton. The flight of Commander 
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Ficure 2068.—A Navy SEAPLANE. 


This plane (a biplane) has two engines of 700 h.p. each. Contrast this 
type of plane with that of the Barling bomber. Whatis the advantage of this 
type ? Which, do you think, is the easier to operate? Why ? 


Byrd to the North Pole and back in 15 hours in May, 1926, 
was a wonderful achievement for the heavier-than-air ma- 
chine. The time is not far off when the airplane will be as 
cheap and as common as the automobile. 


REVIEW OUTLINE 


1. The Dirigible Balloon: Advantages. De Lome (1872), Experi- 
ments of Zeppelin, Maxim, and Langley (1901). The trans- 
atlantic flight of the ZR3 (Los Angeles) (1924) ; its importance. 

2. Heavier-than-Air Machines: Work of American experimenters 
(Maxim and Langley). 
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3. The Wright Brothers: Early experiments. Methods of work. 
Steps in the solution of the problem of flying in 1901, 1903, 
and 1908. 

4, How the Airplane Stays in the Air: By (1) shape of planes; 
(2) resistance of the air due to its inertia; (3) speed of the 
plane; (4) control of the plane; etc. 

5. The Wright Biplane: Special features. Lifting power gained 
by use of: (1) wings and (2) engine. Controlled by: (1) ver- 
tical rudders; (2) warping of wings. 

6. Recent types: The airboat (hydroplane). 

7. Present and Future Uses of the Airplane. 


SUMMARY 


In 1872 de Lome, and in 1901 Langley, Maxim, and Zeppelin 
developed real dirigible balloons. These were followed by the great 
Zeppelin airships. A great step in the perfection of these ships 
was the construction and flight of the ZR3 (now the Los Angeles) 
from Germany across the Atlantic to the United States in October, 
1924. 

Meanwhile, the American heavier-than-air experimenters, Langley 
and Mazim, discovered, about 1900, some fundamental laws of 
flight. These the Wright brothers used in constructing the first 
real airplane. From 1903, the year of the first real flight, to 1908, 
all the essential problems of real flying were solved. It was then 
definitely known how an airplane goes up into the air and why it 
stays in the air. Since 1900, distance, speed, altitude, and lifting 
power records have been repeatedly broken. The emphasis is now 
being placed upon increased safety and comfort for the pilot and his 
passengers. 

The real test of the airplane came during the World War. The 
after-war development has brought about a much greater carrying 
capacity of the airplane, and greater comfort and safety in the diri- 
gible balloon. It is almost certain that future travel will be more 
and more by airplane because of its cleanliness, speed, and safety. 


Remember that : 


1. Air offers resistance to all objects. 

2. The broader an object is the greater will be the air resist- 
ance to it. 

3. All balloons are lighter than the air which they displace. 

4. All airplanes are heavier than the air they displace. 

5. The great discovery of the Wright brothers was how to propel 
and control a heavier-than-air machine. 
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Official, U. S. Army Air Service. 


Wide World. 
FicuRE 207. — PLANES IN ACTION. 


Above: The Round-the-World Flyers approaching New York City, Sep- 


tember 8, 1924. Why was this trip a notable one ? 
Below: A giant Fokker monoplane, with an Avro biplane disporting above it. 
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THOUGHT QUESTIONS 


1. How is it possible to keep a balloon at a given altitude since 
there is always a slight leakage of gas from it? 

2. What is the disadvantage of the use of hydrogen in balloons? 

3. Why will the speed of a balloon upward diminish as it 
Tises? 

4. What is the advantage of a dirigible over an ordinary balloon? 

5. Why is it not probable that we shall ever fly with moving or 
flapping wings attached to the body? 

6. What great principle did the Wright brothers discover and 
use that made aviation successful ? 

7. What form must the wings of an airplane assume to get the 
most lifting power out of the air? 

8. How was equilibrium maintained in the early Wright plane? 
in a Curtis plane? 

9. Could one fly to the moon in an airplane? Explain. 

10. How must contestants for altitude records equip themselves 

before going up? 
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5. The First Morse Telegraph 





Key Picture 13.—Some MetHops oF CoMMUNICATION. 


Identify the lettered parts in 1, 3, and 4. Compare 3 and 4. In 5, a, i, j, 
k, m, n rotate a paper strip under the pencil h; fg is an electromagnet; b 
is a battery; andc, d, e, x, y transmit impulses to fg. 
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CHAPTER XIII 


THE USE OF ELECTRICITY IN COMMUNICATION 


They may not pause when the sun is high, 
Nor rest when the light is low; 
For while men live, and act and die, 
The word flies to and fro. 
It leaps the sea, it spans the plain; 
On throbbing wire and mighty chain, 
It runs like fire from main to main, 
That the world may see and know. 
— The Argosy. 


Of Course, You Have Talked on the Telephone! 

This is easy, but think of the people who lived 100 years 
ago who wanted to talk from Philadelphia to Boston. 
What did they do? Have you ever heard of the electro- 
magnet? Well, it is found in every telephone and tele- 
graph! It is found even in your doorbell! You have 
heard the telegraph sounder clicking in the railway station. 
What makes it tap in this manner? What do you know 
about the wireless telegraph and the radio? You have 
heard concerts over the radio. Have you wondered how 
this is possible? Do you really hear the band play in 
your loud speaker? Have you ever thought how im- 
portant the telephone, the telegraph, and the wireless 
are to the life of to-day? Think this over as you study 
this chapter. 
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Some Practical Questions: 


1. Why did early peoples know little of each other? 

2. Account for the fact that the battle of New Orleans in the 
War of 1812 was fought after the treaty of peace was signed. 

3. Why are wires used in connection with telegraphs and tele- 


phones? 

4. When you talk with a person over the telephone do you actu- 
ally hear that person’s voice? 

5. Inradio what takes the place of the wire used in the telephone? 

Home Problem. — List all the means of communication used in 
your home. Give the structures used to carry on this communi- 
cation. 

Field Problem. — Make a list of all the means by which informa- 
tion is carried from one person to another in your community. Ex- 
plain the principle of the apparatus used in each ease. 


1. Tur ELECTROMAGNET AND YOuR DooRBELL 


338. Communication and the Work of the World. — Mod- 
ern transportation was made possible only through the 
development of communication between distant points. 
Prior to 1860 business moved at a very slow pace in this 
country. By the invention of the telegraph, transportation 
could be controlled, accidents reduced, and orders sent in a 
few moments which before had taken days and even weeks 
to deliver. In the earlier period a merchant in New York 
City was obliged to order oranges from Florida by mail or 
personal messenger. He might get his oranges in two 
or three weeks. ‘To-day the order can be radiophoned in a 
few seconds and a carload of fruit can be delivered within 
forty-eight hours of the time it is ordered. Furthermore, 
we are able to know the news of the whole world very soon 
after the occurrence of the events which the news describes. 
Study Plate III and give the important steps in the de- 
velopment of communication. 

339. The Electromagnet. — Just sending a current through 
a wire will not ring a doorbell unless the bell is so con- 
structed as to use this current in a way that will cause 
the clapper of the bell to vibrate very rapidly against the 
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gong of the bell. How is the bell built to do this? A study 
of the electromagnet will tell the secret. 


2. THE PRINCIPLE OF THE ELECTROMAGNET 


Demonstration 36: Problem: How can one make and work an 
electromagnet ? 

Materials: A heavy iron nail or iron rod about, six inches long; 
eight feet of insulated copper wire; a push button; a wooden support 
for the nail or rod; and a battery of dry cells (Fig. 208). 

Method: A. Wind the wire about the nail or rod in close smooth 
turns, leaving the ends free. Connect one end to one binding post 
of a dry cell battery, the other to a binding post of the push but- 
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FicurE 208.—ANn ELECTROMAGNET. 


What are the uses of each part? 


ton. Join the other binding post of the push button and the dry 
cell battery by a second short piece of wire. Be sure that these 
connections are all tightly made. 

Now close the electrical circuit with the push button and place a 
tack on the end of the nail or rod. Break the circuit. 

B. Attach the second battery in the circuit. Hold the tack near 
the end of the rod. Try other substances such as nails, a jack-knife, 
small tools. Do they hang to the rod? Now close the circuit 
again. Try each substance again. Break the circuit. 

C. With the two batteries attached remove half the turns of wire 
from the rod, cut off the extra wire and connect again. Try to 
pick up the same substances again. Note the results. Explain 
them. 
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Observations: What happens when the circuit is closed? When 
it is broken? When is the rod a magnet? What makes it a mag- 
net? How long does it remain a magnet? This is a temporary 
magnet. “Why is it called an electromagnet? Do you notice that 
the pull is stronger with two batteries than with one? What effect 
does the number of wire turns have on the strength of the magnet? 
How can a very strong electromagnet be made? 

Conclusion: Explain how a good electromagnet can be made 
and just how it works. Study Key Picture 13 as an aid to your 
explanation. 

Practical Application: Now study very carefully an electric bell 
and see if you can find any part of it which resembles the electro- 
magnet you made. If you find such a part, connect the bell with a 
dry cell battery and see just how the part works. By turning the 
contact serew in and out determine the effect upon the ringing of 
the bell. Does the bell at any time fail to ring? Why? Trouble 
at home with your doorbell may be due to other causes besides a 
worn-out battery. 

How could you detect the trouble? How could you remedy it? 
Write out a full story in your Science Discovery Book. This will 
be of practical value to you. 


It is safe to say that modern communication would be 
impossible without the electromagnet because the electric 
bell, the telegraph sounder, and the telephone receiver all 
contain it. If you thoroughly understand its principle and 
the way it works you can easily understand the telegraph 
and the telephone. But who was the master mind that first 
discovered the principle of the electromagnet (Key Picture 
13) and who perfected it? That is an intensely interesting 
story. 


3. THe TELEGRAPH AND How it Works 


340. Morse and the Telegraph. —In 1815 it was dis- 
covered! by Oersted (ir’stéth) that a magnetic needle could 
be deflected by passing over it a wire through which a cur- 
rent was passing. In 1831 Michael Faraday (fir’a-da) dis- 
covered that a piece of iron can be made a temporary magnet 
by winding insulated wire around it and passing a current 
of electricity through the wire. He called this phenomenon 









Samuel F. B. Morse (1792-1872) 


While on shipboard returning from 
England to America, Morse, artist and 
inventor, conceived the idea of the tele- 
graph. He had his drawings completed 
and his code invented before he left the 
ship. 

Because of poverty he was obliged to 
continue his painting in’order to secure 
food and shelter. All surplus earnings 
he spent on his experiments. Aided by 
the discoveries of Joseph Henry, he in- 
vented the relay so es- 
sential to long distance 
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telegraphy. By 1837 he was 
sending messages around his 
laboratory. Helped by a young 
man, Alfred Vail, he perfected his invention and in January, 1838, made 
public demonstrations in Philadelphia and in Washington, D.C. A bill 
to appropriate $30,000 for his work failed to pass Congress and Morse 
went to work again painting portraits. But his faith in his invention 
was rewarded when, in 1843, the bill was again presented to Congress 
and passed. With a line stretched from Washington to Baitimore, on 
May 24, 1844, Morse sat in the Supreme Court Room and sent to Ballti- 
more this message: ‘‘ What hath God wrought?’’ At once Morse be- 
came known the world over. Nations honored him and rewarded him 
with wealth. His later days were crowned with the happiness of his good 
deed done in the service of mankind. 
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electromagnetic induction. Thus, electromagnets could be 
made to work by “ making ”’ or “ breaking ”’ the circuit. 

This-idea was developed in America by Professor Joseph 
Henry. In 1832 Samuel Morse, an artist by profession, 
stated that the electric telegraph was possible and spent his 
spare time in experimenting with electricity. By 1835 he 
had made a fairly successful telegraph (Key Picture 13) and 
invented a code. By 1861 the telegraph was in use in all 
parts of the world, and a line from New York to San Fran- 
ciscO was in operation. To-day the country is a network 
of telegraph lines, and many millions of messages are sent 
over them in the course of a year. (Study Plate III.) 

Demonstration 37: Problem: What is the principle of the tele- 
graph sounder ? 


Materials: A cigar box with cover removed; two other cigar 
boxes; a six-inch machine bolt with two nuts to fit; a second 
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FicuRE 209.— DEMONSTRATION 37. 


somewhat lighter machine bolt with nuts to fit; a screw eye large 
enough to allow the shaft of the smaller bolt to pass through it easily ; 
about 10 feet of No. 24 insulated copper wire; a dry cell battery; 
and a push button. 

Method: Bore a hole through the long side of the cigar box just 
large enough to allow the shaft of larger bolt to pass through it. 
Wind the wire about the larger bolt closely in two layers, leaving 
ends loose. Fit and fasten bolt into hole with nuts at x, as shown 
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in the diagram. About one inch above the opposite side of the 
box, fasten the screw eye into the wide bottom of the box at y, 
about five inches from the head of the larger bolt. Fasten the smaller 
bolt loosely into place by use of the nuts and adjust it so that 
its head will come directly below the head of the larger bolt. Now 
lower the head of the larger bolt until it comes within about one 
quarter inch of the head of the smaller bolt. Set the cigar box on 
the ends of the other two boxes as shown in Figuré 209. Connect 
the push button and the two dry cell batteries on the circuit with 
the ends of the insulated wire. Now break and close the circuit 
and watch for results. 

Observations: What happens to the small bolt when you close the 
circuit? What happens when you break the circuit? Explain. 
What have you made of the larger bolt? Explain. Why does the 
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Ficure 210a.—A TELEGRAPH CIRCUIT. 
Follow the path of the current through the circuit. Explain use of each part. 


small bolt rise? Is the sound of the small bolt striking the box 
different from the sound of the small bolt striking the large bolt ? 
You have made here a crude but accurate form of sounder. 

Conclusion: What is the principle of the telegraph sounder? 

Practical Applications: Examine carefully a telegraph sounder. 
Compare it with your simple sounder. Connect two dry cells with 
a sounder and a telegraph key and see if you can explain just what 
happens. Try to send some letters of the Morse code with your 
instrument. 


341. How the Telegraph Works. — It was Joseph Henry 
who first found out that tapping sounds could be made at 
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any desired intervals by simply making and breaking an 
electrie_current conducted along a wire, a method now fol- 
lowed in the electric bell. To understand this,study again 
the diagram of the 
bell (Key Picture 13). 
If akey issubstituted 
* for the door button 
and attached in such 
a way that it can 
close and open an 
electric circuit, an ar- 
mature may be made 
to give a_ series of 


— : strong taps upon the 
FicureE 210s. — THE TELEGRAPH SOUNDER. iron core of the mag- 





M, vertical electromagnet (horseshoe type) ; net exactly corre- 
A, armature; R, rocker arm; S, spring; : di ‘th th 
V, anvil. sponding wl e 


action of the key. 
The electromagnet in the telegraph instrument is called 
a sounder (Fig. 210b). Why? If the key or transmitter 
is placed some distance from the sounder, as in the next 
room, certain taps on the key (Fig. 210c) would mean cer- 
tain letters of the al- 
phabet. To perfect the 
idea Morse developed 
and used with success 
the Morse code (Fig. 
211). Messages were 
then sent over long dis- 
tances. 
In actual practice, it 





FicuRE 210c.— THE TELEGRAPH KEY. 


How is it related to the sounder? What 
was found that over does the key do? 


very long distances the 

receiving apparatus would not be moved by the current. 
To overcome the weakening of the message over long dis- 
tances Morse invented the relay, a very important factor 
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in his final success. The relay is an electrically operated 
switch. It requires very little current to close a local circuit. 
The local circuit is independent of the sending circuit and 
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FicurRE 211.—THE Morse AND CONTINENTAL TELEGRAPH CODES. 


Learn one of these codes by practicing with a closed pen knife on two sur- 
faces giving different sounds, or with a real key and sounder. 


supplies power for operating the sounder. Hundreds of 
modifications have been made, but 95% of all instruments 
used to-day are Morse telegraphs. 


4. Tur TELEPHONE AND How IT Works 


Demonstration 38: Problem: What is the principle of the tele- 
phone? 

Materials: Three soft lead pencils; a cigar box; two dry cell bat- 
teries; about ten feet of No. 24 insulated copper wire; a telephone 
receiver; and a watch. 

Method: Split the lead pencils so that the lead is exposed through 
their whole lengths. Cut notches near the ends of two of the pencils 
all around and down to the lead, exposing it. 

Attach the end of the wire to one of these pencils around the lead 
in the notch. Cut off a foot section of the wire and attach one end 
of it to the notch of the other pencil. Near the other ends of the 
two wire-equipped pencils, cut notches down to the lead wide enough 
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to allow the third pencil to sink down in them so that the leads will 
touch. Now-lay the pencils on the bottom of the upturned cigar 
box and.connect in the two batteries in series and the receiver as 
shown in Figure 212. Lay 
the watch on the box near 
the pencils and listen 
through the receiver. 
Observations: What do 
you hear in the receiver? 
Does the watch touch the 
pencils? How do you ac- 
count for the passing of the 
sound to the pencils? Is 
this a real sound or is it a 


Telephone 
receiver 

















FIGURE 212.— DEMONSTRATION 38. 


As you work the experiment determine 
the use of each part here shown. Could 
any of these parts be omitted P 


series of vibrations which 
pass to the pencils? What 
effect does the watch have 
on the carbon in the pen- 


cils? What is the use of 
the cross pencil? Does the watch cause the box bottom to vibrate 
at all parts at exactly the same rate? Explain. This means that 
there will be some variation in the impulses sent to the receiver. 
A rapid series of vibrations is caused in the current to the receiver. 
These vibrations are caught and transmitted by the diaphragm (a 
thin vibrating disk), thus reproducing the sounds. 

Conclusion: What is the way the telephone works? 


342. The Telephone. — On February 14, 1876, Alexander 
Graham Bell, a naturalized American citizen, patented the 
first telephone. In the same year the instrument was tested 
out at the Centennial Exhibition in Philadelphia. Dr. Bell 
in company with Thomas A. Watson invented an improved 
diaphragm which was connected to a soft iron core in front 
of an electromagnet. By connecting two such diaphragms 
through a wire and sending over this wire a strong electric 
current, the voice vibrations were carried from one disk to 
the other. This was the real beginning of the telephone. 

343. How the Telephone Works. — Dr. Bell early dis- 
covered that when an electric current is passing over a wire, 

the human voice can cause marked variations in this cur- 


Alexander Graham Bell (1847-1922) 


On June 2, 1875, in a little shop in Boston, Alexander Graham Bell 
and a companion by the name of Thomas Watson were hard at work 
over a bit of mechanism. Suddenly an accidental movement of the 

parts produced a vibration which Bell in- 
terpreted as sound in an adjoining room. 
At this precise moment the telephone was 
born. The next year a public demonstra- 
tion of the machine was made at the 
Centennial Exposition in 

Philadelphia. 
Bell, coming as a 
young man from 
Scotland, had ob- 
tained work as 
a teacher of 
deaf mutes. 


Popular Science Monthly. 


Under the inspiration of Joseph Henry he began to think about repro- 
ducing sound at a distant point. He worked at this without stopping 
until the eventful June 2. 

Demonstrations in the cities of the country soon followed. Finally 
the Bell Telephone Association was organized to develop his invention. 
The company was involved in more than 600 suits of patent infringe- 
ments and won them all. Bell’s patent is now called the most valuable 
single patent ever issued. 

Transcontinental and transoceanic communication is now a common 
event. In New York City alone there are more than one million tele- 
phones, with more than 3} million miles of wires carrying more than 
500,000 calls between 10 A.m. and 11 a.m. each day. 

Bell was a great scientist and his life was one of service to humanity. 
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rent. He also discovered that many kinds of currents pass 
over atelephone wire, but an undulating (in the form of 
waves) current is the one best fitted to carry the vibrations 
caused by the voice. Thus the voice does not travel along 
the wire at all, but the undulating currents are patterned on 


Diaphragm 






Mouthpiece 








FicuRE 2134.— THE TELEPHONE FIGURE 2138. — THE TELEPHONE 
TRANSMITTER. RECEIVER (INTERIOR). 

Note the location of the carbon a, a, horseshoe magnet; b, b, in- 
granules. What causes the move- sulated wire coils; c, diaphragm ; 
ment of the diaphragm? Why is X, y, wires carrying electrical im- 
its movement important ? pulses to the coils. What does the 


diaphragm do here ? 


the voice changes and are interpreted as sound at the receiv- 
ing end of the line (Plate III). 

In 1915 the writer sat in a room in San Francisco and 
listened to weather reports, phonograph records, and the 
waves beating on the ocean beach in New York City. These 
sound impulses came by way of Atlanta, New Orleans, and 
San Diego, a distance of nearly 5000 miles. The interval 


How the Telephone Works 411 


of time between sending and receiving was one-fifteenth of a 
second. 

No one can realize the tremendous sensitiveness of the 
telephone. The diaphragm of the transmitter will vibrate 
through an amplitude of but one ten-millionth of an inch. 





his 


Popular Science Monthly. 
FicurRE 2144.— AN EARLY TELEPHONE EXCHANGE. 


If the energy used in raising the receiver from the hook one 
foot were changed into electrical energy it would be sufficient 
to vibrate the diaphragm of the receiver continually for 
100,000 years. 

Study Figures 213a and 213b until you understand them 
well enough to explain them to the class. 


—~ = 
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New York Telephone Co. 
FicurE 2148.—A MopdERN TELEPHONE EXCHANGE. 


What are the important differences between this and the exchange shown 
in Figure 214a. Account for these differences 
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FicuRE 214c.— A MAcHINE-SwitcHiInc ExcHANGE, — DiaL System. 


No human hand controls this exchange, but electrical hands do actually 
make the connections. 
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5. THE WIRELESS TELEGRAPH 


344. Telegrams without Wires. — The wireless telegraph 
has a Morse-like key and sounder, but it requires no wire con- 
nections between its sending and receiving stations. The 
messages are carried out through the ether by electromag- 
netic waves, produced by the telegraph itself, from power 
supplied by an alternating current. Dr. Hertz (hérts), in 





Sctence and Invention. 
Figure 2154.—A MoperRN WIRELESS CIRCUIT. 


1887, discovered how to produce these waves and Marconi, 
an Italian scientist, following his lead, discovered how to 
send them over long distances. In 1890 Dr. Brady had in- 
vented a coherer (Fig. 215b) which picked up these waves. 
This was improved by Marconi and with the use of a ver- 
tical aérial, which collects the electrical waves and sends 
them to the coherer, the essentials of the wireless telegraph 
were complete. On December 12, 1901, Marconi sent his 
first messages across the Atlantic Ocean. 

345. How the Wireless Telegraph Works. — The Marconi 
(sending) apparatus consists essentially of an induction coil, 
the secondary terminals of which are attached to the aerial 
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FicurE 2158.—An EARLY WIRELESS CIRCUIT. 
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and ground wires respectively while the primary terminals 
are attached through a key to a battery (or generator). 
Every time the key is closed, a discharge takes place across 
the spark gap, and electrical waves are sent out from the 
aerial. These electrical waves travel.in all directions and 
produce electrical oscillations in the aerial of the receiving 
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Science and Invention. 
FicureE 216.— How THE WIRELESS WORKS. 


Study this picture and explain the circuit. 


apparatus, which pass through the coherer to the ground 
and have the effect of reducing the electrical resistance of the 
coherer. A local battery is thus enabled to operate the relay 
connected with the sounder or buzzer. 


6. THe WIRELESS TELEPHONE 


346. The Modern Marvel.— The wireless telephone 
(more commonly called the radiophone or, simply, radio) is 
a natural consequence of the telegraph, the telephone, and 
the wireless telegraph. It is like them in its general prin- 
ciples of construction and operation, and, like them, depends 
upon the production of electrical waves for the success of 
its performance. Two things make it superior to them, — 


Guglielmo Marconi (18'74- ) 


Piecing together the discov- 
eries of many men who had 
lived before and during his 
own time, Marconi gave the 
wireless telegraph to the world. 

In Newfoundland, Decem- 
ber, 1901, he sent up a kite 
equipped with a wire which led 
down into a room and on into 
a telephone receiver. After a 
long wait there came three 
faint taps, >> +, the letter S 
in the Morse code. It was re- 
peated. The ether waves had 
carried this signal across the 
Atlantic from England and the 
wireless telegraph was born. 

Using all the appliances and 
discoveries of Hertz, Clerk- 

Maxwell, Bundy, and others, Marconi set up a laboratory in his 
father’s yard and began his experimentation. He improved his ap- 
paratus and invented the aérial. Convinced that he had discovered 
" the key to the problem, Marconi went to England and in 1899 sent 
messages across the English channel. In 1900 he sent messages 
all over Europe. In 1901 he wirelessed to America. 

On page 414 is a diagram of one of the first circuits used by 
Marconi. Note the important parts and try to determine the exact 
function of each. 

With selective tuning, wireless began to serve the world in business, 
in government matters, and in saving lives. To Marconi belongs 
first honor for this wonderful contribution to the happiness of the 
human race. 
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(1) its ability to reproduce sound vibrations (something which 
neither form of telegraph can do), and (2) the fact that a con- 
necting wire is unnecessary between the sending and receiv- 
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ing stations (something which the 
telephone must have). It is well to 
note here that the sounds which come from the 
radio receiving set are not the same sounds which 
occurred in the sending station, but are exact re- 
productions of them. (For definition of terms used 
in the following discussion, see page 423.) 

347. Radio Waves. — Radio waves, sometimes 
called Hertzian waves because of their discoverer, are 
molded into sound-patterns in much the same fashion 
as the waves of electricity are molded into similar 
patterns in the telephone. A microphone (similar to 
the telephone transmitter), connected into the circuit 
of the sending set, patterns the electrical waves ac- 
cording to the form of the sound waves which come 
against its diaphragm. For this to be properly ac- 
complished, the waves, which are supplied by 
the use of an alternating current (section 
289), must be of uniform amplitude (section 


——Lead-in Wire 


FicurE 217.—TuHE Circuit oF A CRYSTAL Rapio SET. 
Find the crystal detector; the ground line; the condenser, 
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73). The current which they carry must oscillate (change its 
flow back and forth) at a high speed, that is, it must have a 
high frequency (section 289). To produce such waves the 
sending circuit must include vacuum tubes and a condenser 
connected in series with an inductance. The waves thus 
produced are undamped (Fig. 218a) and their oscillations form 
one continuous wave. The amplitude (we may think of 

amplitude as the dis- 

tance from the end of a 


z plus wave to the end of 
im a minus wave) of these 

a oscillations depends up- 
+ on the intensity of the 


sound vibrations (sec- 


b tion 72) which press 
an f\ (\ (| An rf [\ | F against the diaphragm of 
ote : = 
': the microphone. (Key 
FicurE 218A.— UNDAMPED OR ConTINUOUS Picture 13, 3c.) 
WAVES. The change in the 


An undamped wave not modulated is amplitude of parts of 
shown at a; atb the wave is modulated ; the continuous wave is 
and at c the wave is rectified as well as 3 
sindulated. called wave modulation. 


What actually happens 
is that the pressure of the sound vibrations against the dia- 
phragm is transmitted to the carbon button at the center of 
the diaphragm. This pressure causes changes in the current 
strength. Theresulting changes in amplitude of some of the os- 
cillations correspond exactly to the changing sound vibrations. 

348. The Receiving Set.— The receiver is tuned in 
resonance with the sending set and operates in much the same 
fashion. Its circuit includes a device, called a detector, for 
rectifying the current by changing it from alternating to 
direct. A coherer, a crystal, or a vacuum tube is used for this 
purpose. So that they may be heard, the high frequencies of 
the sending set are reduced to audio frequencies in the ear- 
phones or loudspeaker. ° 
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349. The Vacuum Tube.— The vacuum tube is the most 
efficient device for rectifying incoming waves, replacing to a 
considerable extent the earlier use of the crystal. It also 
greatly increases the sensitiveness of the radio receiver and 
provides the only known method of amplifying radio signals. 
It looks very much like an ordinary incandescent bulb but in 
addition to its tungsten filament it has a small ladder-like at- 





FicurRE 2188.—A Vacuum TuBE. 


Left: a, bulb; b, vacuum ; ¢, plate; d, grid; e, filament; f, contact points. 

Right: a, electrons in a cold wire; b, in a wire heated to about 3000° F.; 
c, in a wire heated to about 4000° F. Within certain limits, the hotter the 
wire, the better the results. 


tachment, the grid, and a pair of metal plates which surround 
the grid and the filament. Its services depend principally 
on the activities of the electrons (pages 289 and 290) which 
compose its filament. 

350. Other Elements of the Radio. — Other important 
elements in the structure of the radio are the aérial, the 
inductance, the condensers (fixed and variable), coils, rheo- 
stat, ground, and loudspeaker or earphones. In the receiv- 
ing set where tubes are used in place of the crystal the tubes 
vary in number, but aérial, condensers, and loudspeaker or 
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earphones are used just as in the 

crystal set. In addition there are a 5d 
large storage battery, a rheostat, a © 
small B battery, and grid leaks in ratio 
to the number of tubes used. 

Suppose you now follow the oscil- 
lations through the set by carefully 
studying Figure 219. 

If you have carefully traced the path 
of the electric waves through the set, 
you should now have in mind the 
essentials of the radiophone. It is a 
complex piece of apparatus which 
makes it all the more wonderful and 
shows man’s inventive genius in carry- 
ing on the world’s work. Get in touch 
with a crystal or vacuum tube set 
and with your book in hand, study its 
parts, watch it operate, and ask ques- 
tions of the operator. A little study 
and a little practice will put you in a 
position to get a set for yourself. By 

























© i Popular Science Monthly. 





FiguReE 219.—A Vacuum TuBE SET. 

@ and @). Aerial and ground absorb the electromagnetic energy of 
broadcast radio waves. (3). Condenser is used to help tune in on any 
one station. (4). The tuner admits only waves of a certain frequency, —it 
lets in one station and cuts off others. ©). Rheostat controls amount of cur- 
rent going into the detector tube. ©). Detector tube changes high frequency 
waves to lower frequency waves which are alike. @),. ‘‘A”’ battery supplies 
current to heat filament in vacuum tube. @). ‘‘B”’ battery supplies direct 
current to carry electrical vibrations from detector to earphones.. @). Sen- 
sitive diaphragms in earphones are vibrated by electric currents varying in 
accordance with vibrations of sounds being broadcast. 
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buying parts separately, you can construct a set at a very 
low cost. It is impossible to give you every detail of the 
radio to-day, because every day brings new ideas and im- 
provements. You are asked to read the latest popular books 
devoted to this subject. 

351. Radio and the Work of the World. — Every day 
sees new additions and improvements to the radiophone. 
Each article and book printed about it is behind the times 
before it comes from the press. Of what great value is the 
radiophone in the work of the world? Its greatest value is 





Popular Science Monthly. 
FicurReE 220A.—PANEL BoarD, Unit DIALS, VERNIERS, AND RHEOSTAT 
CONTROLS. 


in making people more contented because they feel in closer 
touch with great artists in every line of work. Especially 
is this so with the farmer or man living in the small town. 
It makes men work better because it gives them a richer. life. 
Colleges are giving courses “on the air” and lecturers 
instruct multitudes on every conceivable subject. For in- 
valids and shut-ins radio is a great blessing. Sermons are 
now broadcast each Sabbath to many who never enter a 
church. The possibilities of radio in the world of commerce, 
transportation, and special industries have yet to be fully 
realized (Plate III). 

The sending of pictures recently by radio opens up another 
new use of the invention. Its great function will be to knit 
more closely the whole world in a deeper feeling of brother- 
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hood. If this will tend to prevent wars, then it will be one 
of the greatest blessings ever given to mankind. 





Popular Sctence Monihly. 
FicuURE 220B.— REAR ViEW OF A THREE-TUBE SET. 
A, input coil; C, detector grid circuit coil; E, F, variable condensers ; 


I, J, K, standard sockets, L, !5-ohm rheostat; M, 30-ohm rheostat ; 
N, audio-frequency transformer. 
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Popular Science Monthly. 
FiGURE 220c.— THE Hook-up FOR THE ABOVE SET. 


B, radio-frequency coil (not shown above) ; D, detector tickler coil (inside 
C above); G, grid condenser, .00025 microfarad with clips for grid leak; 
H, neutralizing condenser, about .0003 microfarad: O, grid leak, two 
megohms; P, open circuit jack; N, audio-frequency transformer (P to 
plate, G to grid, F to filament, B to battery) ; Ri, Re, rheostats; Ci, Co, va- 
riable condensers. 

Identical letters refer to identical parts, though the parts themselves are 
reversed because the diagram represents a front view of the set. 
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RADIO TERMS 
(Other radio terms of the text are defined as they occur.) 


Aérial (Antenna): A system of wires used to transmit or receive 
electromagnetic waves. 

Amplify: To increase the audibility of a radio signal. 

Amplitude: The height of a wave. Wave amplitude depends on 
the strength of the current. 

Audio Frequency: A frequency of 10,000 cycles or less (p. 334). 

Coherer: A device employed to detect electric waves. It consists 
of a small glass tube in which loosely touching metallic par- 
ticles stick closely to one another when under the influence of an 
electromagnetic wave, thus momentarily completing a local 
electric signalling station. 

Condenser: An instrument for accumulating or concentrating 
electricity. It consists of two or more conducting plates sep- 
arated by an insulating medium such as air, glass, or mica. 
The variable type of condenser sharpens the action of the 
impulses on the diaphragms of the phones, making the signal 
distinct. 

Damped waves: Waves which start out with a high amplitude that 
gradually tapers off to zero because of resistance to the wave. 

Detector: A device for allowing alternating (or oscillating) radio 
waves to pass along a circuit in but one direction. Hither the 
crystal or the vacuum tube may be used for this purpose in the 
radio circuit. ; 

Grid Leak: A device for getting rid of excess charges on the grid. 

Ground: The contact of a conductor with the earth, usually made 
by a wire running from the station to the ground. 

Inductance: A device in the antenna circuit for adjusting the cir- 
cuit so that it will respond to waves of different lengths. 

Microfarad: A unit used in measuring electrical capacity. 

Megohm: One million ohms. 

Plate: A device in the vacuum tube for receiving the flow of elec- 
trons from the filament. 

Tuned in resonance: A phrase used to indicate that sending and 
receiving stations are adjusted to the use of the same wave 
length. 

Undamped waves: Waves of uniform strength whose amplitude 
varies only as the current is made to vary by the diaphragm. 

Vernier: The small scale on the dials. 

Wave length: The distance between waves as they leave the trans- 
mitting station. 
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10. 


REVIEW OUTLINE 


. Relation of Communication to: (1) Business; (2) transporta- 


tion; (3) news. 


. Modern Communication depends upon the: (1) Electric bell; 


(2) electromagnet. Principle of each. 


. The Telegraph in relation to the discoveries of (1) Oersted (1815) ; 


(2) Faraday (1831); (8) Henry (18381); (4) Morse (1835). 


. The Principle of the Telegraph. Parts: sounder, key, electrical 


current, relay ; functions of each. 


. Modern Improvements in the Telegraph. 


The Principle of the Telephone. Discoveries and work of Alex- 
ander Bell (1876). Parts of the telephone: (1) transmitter 
(diaphragm, carbon particles, electromagnet, wire); (2) re- 
ceiver (diaphragm, electromagnet, wire). Function of each 
part. Importance of the telephone in everyday life. 
The Wireless Telegraph. Discoveries of Hertz (1887); Brady. 
(1890) ; Marconi (1901). 

The Principle of the Wireless Telegraph. Parts: sending key; 
electrical current; spark gap; coherer; relay; tapper and 
sounder; tuning apparatus; aérial. Function of each part. 
The Wireless Telephone compared with the three other forms 
of electrical communication. 

Sound reproduction in the Radio: Requires a rectified alternat- 
ing current of high frequency. Type of electrical wave used: 
Waves of uniform amplitude (undamped),— a continuous 


- wave, modulated. How produced. Wave length. Tune in 


11. 


resonance. Receiver. 

Apparatus: Important elements; current, aérial, microphone, 
vacuum tubes or crystal, coupler, batteries, rheostat, grid leak, 
inductance, condensers, coils, and loudspeakers or earphones. 
Present and Future Importance of the Radiophone in the Work 
of the World. 


SUMMARY 


Among early peoples communication was possible only by means 


of signs, fires, smoke, torches, cannon, ete. Messengers on foot or on 
horseback were the surest and swiftest means of land communication 
during all known history down to the year 1835, not quite one hun- 
dred years ago. 


With the invention of the electromagnet by Michael Faraday in 


1831 and the sending of code impulses on a wire by an electric current 
in 1835, the telegraph came into existence. Samuel Morse at once 
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made the whole world a different place in which to live. While 
Morse owed much to previous experimenters, so present-day scien- 
tists in telegraphy owe almost everything to Morse, because all 
instruments used to-day are in essentially the same form in which 
he first made them. The telegraph has made the whole civilized 
world no larger to-day than Manhattan Island was during the 
eighteenth century. 

In 1876 Alerander Graham Bell, using the findings of previous 
experimenters, was able to send electrical impulses produced by the 
human voice over a wire for the first time, with the aid of electric 
currents, electromagnets, and a sensitive diaphragm. 

In 1901 Marconi, using the findings of Hertz, Brady, and Morse, 
invented the wireless telegraph. This sends electrical waves into the 
air from tall aérials. These waves are sent out in groups of fixed 
order and number representing the dots and dashes of standard codes. 
They are received by an apparatus which reproduces the dots and 
dashes of the sending set. 

The wireless telephone or radiophone is a natural consequence of 
the three other forms of electrical communication. By its produc- 
tion of undamped electrical waves of high frequency it is able to re- 
produce sounds at long distances from their source. Its waves are 
modulated (molded) into the sound patterns by the microphone and 
are sent out with a predetermined length to be picked up by a receiver 
which has been tuned in resonance with the sending set. This receiver 
reduces the waves to audio frequency. 

The alternating current which supplies the waves is rectified by a 
crystal or vacuum tube. The radio is a wonderful contribution to the 
forces which perform the work of the world. 


Remember that: 
1. Electricity made modern communication possible. 
2. Modern rail transportation was impossible until the tele- 


graph was invented. 
3. Modern industry and commerce are largely due to the develop- 


ment of the telephone and telegraph. 
4. The invention of the electromagnet made the present tele- 


phone and telegraph possible. 
5. The greatest invention of the present day is the radiophone. 


THOUGHT QUESTIONS 


1. Why must magnets be used in telegraphing and telephoning? 
2. What one man laid the foundation for the telephone and 


telegraph? How did he do it? 
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3. What is the advantage of the telephone over the telegraph? 
of the telegraph over the telephone? 

4. Which is more reliable, the wire telephone or the wireless 
telephone? Give reasons for your answer. 

5. Why is it advantageous to run a strong electric current over a 
wire in order to carry on communication of any kind? 

6. What is the importance of the diaphragm in the telephone? 
Why is none used in the telegraph? 

7. In the radiophone what apparatus must be used that is not 
used in the telegraph or telephone? Explain. 

8. What is ‘‘ tuning ’’ in wireless communication? What is its 
importance? 

9. Does the human voice travel along the wire in telephoning? 
If it does, why is it so often unfamiliar? If it does not, how ean 
one recognize a voice at all? 

10. Show how the principle of the electric bell is used in the 

telegraph. 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Carson. History of the Telephone. McClure Co. 

Collins. The Radio Amateur’s Handbook. TT. Y. Crowell Co. 
Collins. The Book of Wireless. D. Appleton and Co. 

Henley. 222 Radio Circuit Designs. Henley. 

Holland. Historic Inventions. G. W. Jacobs and Co. 
Lesearboura. Radio for Everybody. Scientific American Press. 
Lewis. The A BC of Vacuum Tubes. Henley. 

Mills. The Magic of Communication. American Telephone Co. 
Towers. Masters of Science. Harper and Bros. 

Yates and Pacent. Complete Radio Book. Century Co. 


PART IV 


THE SOURCE OF ALL ENERGY 


Nothing is lost on him who sees 
With an eye that Senius gave; 
To him there’s a story in every breeze 
And a picture in every wave. 


— Moore. 

In Part III a detailed study of several important indus- 
tries showed you that industries vary according to climate, 
to the ease with which raw materials are secured, or to 
nearness to easy means of transportation, but that they all 
use some form of energy. Motion is necessary in every 
industry to enable the machinery to change raw materials 
into finished products. 

In some industries this motion is produced by expanding 
steam, in others by exploding gases, and in still others 
by falling water. Most industries get their power from 
either fuel (coal or petroleum) or water. The question now 
facing you is: What is the source of all this industrial 
power? Where did the coal and oil and water get the 
energy in the first place? Where does the power come 
from that turns the windmills in Holland where water 
power is not to be had? 

On the other hand, you may also ask where the energy 
comes from when high tides, destructive floods, or devas- 
tating tornadoes destroy life and property? What causes 
a difference in the seasons? What makes things grow? 

You have had hints in former chapters that the sun had 
something to do with these actions. In the next two chap- 
ters you will try to discover and understand some im- 
portant facts about the sun. You will determine whether 
these hints were true or false. 
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CHAPTER XIV 
THE SUN AS THE SOURCE OF ALL ENERGY 


The spacious firmament on high, 
With all the blue ethereal sky 
And spangled heavens, a shiny frame 


Their $reat Original proclaim. 
— Addison. 


Did you ever think of the sun as doing work? How do 
you suppose it keeps the planets in place swinging around 
their orbits, if it does not exert force? What do you 
actually know about our solar system? Would you 
really like to know more about it? On a clear night you 
see the stars. Whatare these stars,anyway? Would you 
like to know? In winter the nights are long and the days 
short, in summer they are the opposite. Do you know 
what makes this difference in the length of day and night? 
Then again, we have summer and winter seasons. Why? 
Do you suppose that the seasons have any effect upon 
living things, including yourself? You like a moonlit 
night. Why does the moon shine? What has the moon 
to do with the tides? Youownawatch. How do you tell 
time? What determines what 6 o’clock is? These are 
all interesting questions and are all answered in this 
chapter. 





Some Practical Questions : 
1. In each of the chapters you have already studied, find an 
example of work done by the sun. 
2. What makes it possible for the sun to do work? 
3. How does the sun do work on the earth and moon? 
429 
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4. Show how the paper upon which this sentence is printed 
could not have been made or printed without the sun. 

5. Imagine this world without sunlight. Then tell what would 
or would not exist upon it and what would or would not be done 
upon it. 

Home Problem. — By the use of a stick set in your yard, find 
out the length of the shadow cast by it at each hour during some 
Saturday. Indicate each hour mark with a nail or other marker. 
Now tell the time of day with your stick and its shadow. Try 
half-hours and quarter-hours and verify your guess by use of the 
clock. Note after a few days if your shadow clock is keeping as 
good time as when you started it. Account for this. Correct 
your clock and begin again. 

Field Problem: Determine the 
(1) purpose, (2) advantages, and (3) dis- 
advantages of daylight saving time. What 
are its effects upon people in the country 
and in the city? Get opinions from dif- 
ferent people on this subject before mak- 
ing your report. 


1. How tHe Sun Doss Work 


352. The Sun as the Engine of the 
Universe. — Have you ever noticed 
in the window of the jeweler’s shop 
a little glass instrument with silvered 
wings or vanes? This is a radiometer 
(ra’di-6m/é-tér) (Fig. 221). ‘The 
force that makes these vanes turn is 
Ficure 221.—Twe Rap. the same that causes steel rails to 

OMETER. “buckle.” The sun is an enormous 
Note especially the vanes. engine. It runs the world. 





Suggested Experiment. — Remove a radiometer from its box 
and examine its construction very carefully in a part of the room 
far removed from the direct rays of the sun. After learning just 
how it is made and how it acts when given a rotary motion, place 
it on the window sill in direct sunlight. Watch for results. Take 
it to the back of the room. Watch results. Remembering your 
discussion of heat distribution in Chapter VIII, why do you think 
the silvered sides of the vanes move toward the sun’s rays? 
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Since dark colored surfaces absorb heat more readily than light 
colored surfaces, which surface of each vane will be the warmer? 
What effect will the warmer surface have upon the molecules of air 
touching it? Will they strike the dark surface of the vane? 
Which surface of the vane will be hit the harder? 

How does the sun cause motion in the radiometer? How does 
the sun do work in the radiometer? How could one cause a con- 
centration of the sun’s heat on the radiometer? -How would this 
affect the motion of the vanes? Solar engines have been made 
and tested in the western part of the United States. Steam engines 
have been run by thesun’s rays, iron has been melted, bread has been 
baked, and potatoes cooked. Explain. 


353. Chemical Action of Light.— Wet two pieces of light- 
colored cloth in water and then place one in the bright sun- 
light for a whole day and the other in a dark closet for the 
same length of time. You will be surprised on comparing 
them when dry to see that one of them has changed in color. 
Which one has changed and why? 

Get a piece of blueprint paper and, laying a leaf or other 
object upon it, expose it to the sun for a short time. Wash 
this paper in water and allow it to dry. What do you see? 
What caused this result? 

Why are wall papers often darker behind pictures on a wall 
than beside these pictures or around them? Procure a 
piece of photographic (f6’t6-grafik) paper and print a pic- 
ture from a negative. Regular photographic paper is coated 
with a silver salt which, when ‘“ developed,” is changed to 
silver and darkened where the light rays strike it through the 
light parts of the negative. The darker parts of the negative 
do not allow as many light rays to pass through, so the salt 
is little affected. Fixing the salt causes the picture to remain 
without fading. Thus light does work in photography. 

You can perform, if you desire, another experiment in your 
own home to show the power of the sun to do work. 


Suggested Experiment. — Get a reading or magnifying glass 
and a piece of tissue paper. Focus the sun’s rays through the glass 
upon the paper so that the bright spot is about one-eighth of an inch 
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in diameter. Hold the apparatus steady and watch for results, 
Explain to the class what happens, give your reasons, and write up 
the experiment in your Science Discovery Book. 


2. Our SoLtaR SYSTEM AND Its NEIGHBORS 


354. Our Sun and Its Planets. — Our sun, the center of 
our solar system, is a star not so large as any one of those 
we can see on a clear, dark night. It is a highly heated and 
luminous body 1,300,000 times the size of our earth. Its 
average distance from us is about 93,000,000 miles. Even 
at this distance its heat and light are intense, especially in 
Jupiter 


Saturn Neptune Uranus 


part of Outer Surface of the * 
u 





FIGURE 222.—OurR SuN AND Its PLANETS. 


Note how the earth compares in size with the sun. Learn the names of 
the planets in order of size. Which planet is the largest? To get a good 
idéa of the size of the sun lay a sheet of paper along the lower edge of the 
illustration and complete with a pencil the circle of the sun. 


the summer time, yet we receive but about one two-billionth 
of its energy, which passes off into space in every direction. 
Some scientists consider the sun an electric furnace, —a 
great ball of electrical energy. Others think it a storehouse 
of radium. 

Around our sun through the action of centrifugal (sén- 
trif’t-gal)* and centripetal? (sén-trip’é-tdl) forces, revolve 
eight planets all differing in (1) size, (2) distance from the 

' Centrifugal force : a force which tends to throw a body away 


from a center about which it is revolving. 


2 Centripetal force: a force which tends to draw a body to- 
wards a center about which it is revolving. 
’ Planet : a wanderer in space. 
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center of the solar system, (3) the velocity of their motion 
through space, and (4) the length of their orbits (their path 
about the sun). Each one has (5) a different length of year 
and (6) of day, (7) different kinds of seasons, (8) a different 
climate, and (9) a different temperature. Can you explain 
this? Study the planets named in Figure 222 in the order of 
their distance from the sun. 

The laws which describe the action of these planets were 
first explained by Galileo and Sir Isaac Newton. 

355. The Constellations. — Beyond the few planets which 
we can see with the unaided eye are the thousands of stars 
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FicurE 223.— Some oF Our CONSTELLATIONS. 


How many stars do you see here? How many constellations ? How could 
they have been named? Of what value are they to man ? 


or suns set like pearls in the black vault of the heavens. 
They look to be millions in number but we are told that there 
are only about 4000 visible to the naked eye on a clear night 
(Fig. 223). The nearest star is about 300,000 times as far 
away from us as our sun. Some stars are capable of giving 
off 10,000 times as much light and heat as our sun. (To get 
an idea of their sizes compare the star Canopus (kd-nd’pis) 
with our sun as shown in Figure 224.) The apparent group- 
ings of these stars are called constellations (k6n’sté-la’shtinz). 
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356. The Milky Way. — Across the heavens from one 
side to the other is a tremendous group of stars so numerous 
that they give a milky appearance to the portion of the 


Canopus 





Figure 224.—Our Sun AnD OTHER Suns. 


Compare the size of our sun with that 
of the star Canopus. Our whole solar sys- 
tem would go inside of this one star alone. 
This gives you some idea of space in the 
heavens, and of how small we really are 
after all. 


sky which they occupy. 
There are probably at 
least 500,000,000 suns 
in this great group of 
constellations and _ be- 
cause of their grandeur 
they have been given 
the name of a galaxy 
(gal’dk-si), or the Milky 
Way. 


3. Causes or Day 
AND NIGHT 


357. Day and Night. 
— We say that the sun 
rises in the east every 
morning, but does the 
sun really rise? Does 
the sun move or do we 
move? What causes 
day and night? The 
earth turns about its 
own axis as it follows 
its path about the sun. 
Keeping this in mind, 
construct an apparatus 
which will explain day 
and night. 


358. Variations in the Length of Day and Night. — With 
the axis of the earth in a vertical position, the length of 
the days and nights would be the same anywhere between the 
equator and the North or the South Pole. Yet, you know 


fl 
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that the days and nights do differ in length during the year. 
You know that the days in summer are long and the nights 
short, while in the winter the nights are long and the days 
short. What makes this difference? Study carefully Key 
Picture 14 and then explain the problem. With your ap- 
paratus demonstrate the causes of these variations. 


4. CAUSES OF OUR SEASONS 


359. Causes of Our Seasons. —If you have given very 
careful thought to Key Picture 14, you must see that the 
days become longer little by little as the area of light moves 


up towards the north pole 
and the nights become +N 
shorter and shorter as the pera 
earth moves from the s PX, 
x + ee 


December to the June 


x + 
a A : a 
position. This is _be- aXe eo - 
cause the earth’s axis is W aie 
tipped at an angle of 231° <8 Pole Star % (Polaris) a 


from the plane of the ea Ny 


earth’s orbit. But this 


tipping alone would not Dipper = : 

bring these differences in x 

the length of day and ack Dipper 

night. What makes the Ficure 225.—Tue Pore STAR AND THE 
days get longer little by Bic Dipper. 


little? It is evidently | How the Dipper appears to change its 
due to the movement or Peston durng the yea, The cat 
revolution of the earth pointing towards Polaris. 

about the sun. But re- 

member that in this movement of the earth about the sun, 
the north pole always points in the same direction, — towards 
the Pole Star (Fig. 225). This makes it impossible for the 
days and nights to be equal except in the September and 
-March positions. Explain again what makes it warmer in 


summer than in winter. 
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(Key) Demonstration 39: Problem: What causes variations in the 
intensity of the heat and light rays of the sun during the year? 

Materials: A small globe; two thumb tacks; a pair of com- 
passes; and a piece of cardboard of length about two feet and 
width equal to the radius of the globe. 

Method: Draw lines the full length of the cardboard, one-eighth 
inch apart and parallel to the long side of the cardboard. These 
parallel lines represent the light rays which come from the sun to 
the earth. Spread the compasses so that the two points stand 
on the two corners of one end of the cardboard. Swing one of the 
points across the cardboard from its corner to the opposite side, thus 
marking a quarter circle. Cut out the quarter circle. 








Cardboard 








FicurE 226.— (Key) DEMONSTRATION 39. 


Use this apparatus thoughtfully and try to understand each step before you 
take up the next one. 


Put a thumb tack in the globe over New York and another thumb 
tack about two inches directly ‘‘north” on the globe. Stand the 
globe so that its North Pole points away from you; then rotate 
the globe on its axis so that the thumb tacks face you. You your- 
self now represent the sun, and New York is in the position of noon, 
December 21. Fit the curved end of the cardboard to the globe, 
so that the curved edge passes over the two thumb tacks and the 
lower edge of the cardboard is horizontal. Now count the lines 
on the cardboard which end on that part of the curve included 
between the thumb tacks. 

Stand the globe so that its North Pole points toward you, and 
rotate the globe on its axis so that the thumb tacks face you. Once 
again you represent the sun, and New York is now in the position of 
noon, June 21. Fit the curved end of the cardboard to the globe, 
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so that the curved edge passes over the two thumb tacks and the 
lower edge of the cardboard is horizontal. Count the lines on the 
eardboard which end on that part of the curve included between 
the thumb tacks. 

Observations: In the December position, how many ‘‘rays” from 
the sun struck the region between the two thumb tacks? In the 
June position, how many “‘rays”’ struck the same region? Explain 
why New York is warmer in June than in December. 

Explain what our days and years would be like if the earth’s axis 
were vertical; if our North Pole did not always point in the same 
direction; if the earth did not revolve around the sun; if the earth 
did not rotate on its axis. 

Conclusion: What causes variations in the intensity of the heat 
and light rays of the sun during the year? Give four causes based 
upon this demonstration. 

Practical Applications: How could one arrange to enjoy summer 
all the year round at an even temperature without going into the 
torrid zone? Why does the sun never set for six months of the 
year in the region around the North Pole? This is a difficult 
demonstration. Give a full account of it, together with careful 
drawings, in your Science Discovery Book. 
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FicuRE 227. —ONnE IMPORTANT CAUSE OF THE SEASONS. 
Be sure that you understand this picture. 


360. The Seasons. — Your study has now shown you 
why we have (1) day and night, (2) a difference in the length 
of day and night, (3) a warm and cold period during the 
year, (4) two periods when the temperature is neither high 
nor low, and (5) periods at the poles when it is light or dark 
for at least six months. These conditions are all due to 
differences in the position of the earth in its relation to the 


at 
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sun. A little thought will show you that these changes or 
differences in heat intensity, called the seasons, are due to 
four distinct causes, as the earth passes through space at 
the rate of 1102.8 miles a minute in its path about the sun. 
Study Key Picture 14 once more and explain fully the four 
causes of the seasons. 

361. Importance of the Seasons. — It was a wise provi- 
sion of Nature that she should tilt the earth at a slight angle. 
To realize what would have happened on the earth without 


this tilting, it is but necessary to place the globe used in your 





FicurRE 228.— THE PHASES OF THE Moon. 


1 to 8, the moon as it would appear to one standing on the sun during 
the month. a to h, the moon as it appears to us during the month. 
X, X, X, X indicate Washington, D.C. Note that each night, as x moves past 
the moon, it has advanced towards a new position. This causes the moon 
to rise later every night. Explain. Why cannot the moon be seen at all 
times during the month? What makes a full moon ? 
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experiments in a vertical position and then think out the 
results of this position. All parts of the earth would have 


different kinds of 
season, but’ each 
would have the 
same season forever. 
Now think of all the 
effects of this con- 
dition upon plants, 
animals, man, occu- 
pations, and indus- 
try. Explain to 
your class. 


5. THe Moon anp 
TIDES 


362. Tides. — At 
certain intervals 
which vary on suc- 
ceeding days the 
waters of the ocean 
begin to rise on the 
shore and then, after 
about six hours, be- 
gin to recede again. 
These movements of 
the ocean water we 
call the tides. The 
moon and sun at- 
tract the earth with 
a force just great 
enough to move the 
water of the ocean. 
Why does not the 





FiGURE 229.— Low AND HIGH TIDES, 


Note the boats in the two pictures. The upper 
one was photographed at10 a.m. and the iower 
one at5 p.m. What differences do you notice ? 
Accéunt for them? What causes the tides? 
How did the extra boat get in the lower picture P 


soil visibly move? Explain this. The water thus tends to fol- 
low the moon and the sun about until it strikes a shore. It is 
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held there, and then recedes when the influence of either body 
is past for the time being. Twice each day, then, the tides 
rise, at intervals of about 12 hours and 25 minutes (Fig. 229). 

You may well ask: Of what value are the tides? Many 
answers may be given. (1) The tides keep the water in bays 
and estuaries in motion, preventing it from becoming stag- 
nant and dangerous to health. (2) High tides make it possi- 
ble for ships to enter shallow harbors such as that of Ant- 
werp, Holland. (8) Tides are impounded behind dams as they 
come in and then used to run water wheels and machinery. 
The corn to feed General Howe’s army while it was en- 
camped on Staten Island during the Revolutionary War was 
ground by a grist mill run by the tides. How did the moon 
feed Howe’s army? (4) The ebb tides provide opportunity 
for shell-fishermen to furnish many of us with food. Ex- 
plain. (5) Tides have been used to run machinery through 
the rising and falling of buoys. 

Tides are sometimes dangerous, however. Where they 
rise they obscure dangerous rocks. In other places they 
cause eddies and whirlpools, which make navigation a hazard. 
Hell Gate, New York City, is a good example of a dangerous 
whirlpool caused by the tides. 


6. How Location, Distancr, AND DrirREcTION ARE 
DETERMINED 


363. Direction on Our Earth. — For thousands of years 
the ancients believed our earth to be flat, but Aristotle, the 
great Greek philosopher (fi-lés’6-fér), noticed that the moon 
was covered by a curved shadow when it was eclipsed 
(é-klipst’) by the earth and that ships, as they went to sea, 
disappeared below the horizon. Columbus’s crews revolted 
on board ship in his first American voyage of discovery be- 
cause they believed that the ships would drop off the edge 
of the world. Copernicus (ké-pir’ni-kzs), the great Polish 
scientist, in 1530 first declared that the world was round and 
that it rotated on its axis. 
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Our directions depend on the sun. We call the dawn 
point or the direction towards the rising sun east; the op- 


posite direction we call 
west. If you stand with 
your right hand pointing 
east and your left hand 
pointing west, you are 
always facing towards the 
north pole or north. The 
opposite direction will be 
south. By down is meant 
towards the center of the 
earth; by up is meant 
out into space. 

364. Latitude and 
Longitude. — You know 
that the earth rotates 
once upon its axis in 24 
hours. Circles are di- 
vided into 360 parts or 
degrees for convenience 
in measuring, and since 
the earth at the equator 
is circular, we divide the 
equator into 360 parts or 
degrees. At any interval 
above or below the equa- 
tor the circle of the earth 
is also divided into the 
same number of degrees, 
but the space on the 
earth’s surface covered by 
each degree is smaller as 
one goes north or south. 
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Ficure 230.—LonaITUDE AND LATITUDE, 


How many degrees of each are there on 
the earth? Find the latitude and longitude 
of each city indicated here. If one kept 
going west would he gain or lose time? 
Explain. 


Explain. At every degree north or south of the equator an 
imaginary line is drawn on the earth called a parallel of 
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latitude. Latitude, then, is any distance on the surface of the 
earth north or south of the equator. How many parallels of 
latitude will there be between the equator and the north or 
south pole? 

Likewise, through every degree on the equator an imagi- 
nary line is drawn reaching from the north to the south 
pole. Such lines are called meridians. How many are there 
on the earth? These meridians indicate the degrees of longi- 
tude. Longitude, then, 1s any distance on the equator or on 
any parallel east or west of any given meridian. 

For convenience, all nations have agreed upon the meridian 
of Greenwich (grén’ich), England as the prime meridian. It 
is marked 0. From this line the meridians are numbered in 
both directions from 0 to 180, where they meet on the oppo- 
site side of the earth (Fig. 230). A person standing on the 
Greenwich meridian at the equator would be in Latitude 0° 
and Longitude 0°. Explain. Thus the whole surface of the 
earth is marked off in such a way that it is possible to tell 
just where any city or spot is on its surface. To secure 
greater accuracy each degree is divided into 60 minutes, in- 
dicated by the sign ’, while each minute is again divided into 
60 parts called seconds, indicated by the sign ’’. 

Since a degree will cover 34,5 of 24,902 miles, the cir- 
cumference of the earth at the equator, the distance in miles 
of a degree at the equator is about 69; of a minute is 1.15 
miles ; of a second is .19 of a mile. It is possible, therefore, 
to locate a ship within a few rods of the exact spot anywhere 
on the earth. As we go nearer the poles it is possible to 
locate a spot with even greater exactness. Why? 


7. Time: How DererMINED AND How Uszp 


365. The Meaning and Importance of Time. — We reckon 
time on the basis of the earth’s movements. Its rotation 
about its axis’gives us our day (and night); its revolution 
(journey) about the sun gives us our year. 
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The solar day (sun time) is reckoned from noon to noon. 
For any one place, 12 m. (noon) solar time means that the 
meridian of that place is directly under the sun at that 
moment. Twenty-four hours must pass before it can again 
occupy the same position. Our civil (legal) day, though it 
begins at 12 midnight instead of 12 noon and though it is 
measured by Standard time (see next section) rather than by 
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Ficure 231.—How Time 1s DETERMINED ON THE EARTH’S SURFACE. 


Note the way the earth is turning. If it is noon at Washington, D. C., 
will it be morning or afternoon at San Francisco? Explain. Allowing a 
difference of 5 hours between London and New York, what time will it be 
in London when it is noon in New York? Work out other problems for 


yourself in this picture. 


solar time, after all depends upon solar time. Perhaps you 
can tell why, if you ask yourself how we know when it is mid- 
night. 

The division of the day into hours, minutes, and seconds 
has an interesting explanation. Investigate and report to 
the class. 

Our year is the time consumed by the earth in making one 
trip around the sun. It contains 3654 days. This fraction 
is taken up in our calendar by the addition of one day to 
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every fourth year, Leap Year. The years, we know, are 
dated with reference to the life of Christ. An event A.D. 
1914 really occurred, then, during the 1915th revolution of 
the earth about the sun, reckoned from the time of Christ’s 
birth. 

Report to the class on “‘ month ”’ and ‘ week.” 

366. Standard Time. — Because of the confusion in trans- 
portation resulting from the use of local time, in 1883 the 
Government adopted Standard Time. Across the United 
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Ficure 232a.— STANDARD TIME ZONES. 


Why are these zone boundaries so irregular? What is the advantage of a 
time zone ? 


States certain meridians 15° apart were set aside as centers 
of time belts, the 75th meridian being adopted as the center 
of the Eastern Time belt ; the 90th for the Central Time belt : 
the 105th for the Mountain Time belt, and the 120th for 
the Pacific Time belt (Fig. 232a). Each belt covers one hour 
of time and within each belt all clocks are timed to the 
time of the central meridian of that belt. But when the border 
of the belt is reached, the watches are set back one hour if 
one is traveling west, and forward one hour, if traveling east. 
Explain. How many times would one reset his watch in 
going from New York to San Francisco? 
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367. International Date Line. — If one begins to go west 
from New York, he will keep setting his watch back, as he 
goes along, until he has gone halfway about the earth or 
covered 180° of longitude or 12 hours of time. He has really 
gained this amount of time. To simplify this difficulty of 
determining the exact 
time, and especially the 
day of the week, an Inter- 
national Date Line was 
established in the Pacific 
Ocean, which follows in 
general the 180° me- 
ridian. Study carefully 
Figure 232b and answer 
the questions upon it. 

368. Time and the 
Work of the World. — 
Your study of the solar 
system has shown you 
that it runs on aschedule. 
It never varies. Because 
of this men worked out 
a system of timing their 

; LINE 
actions by the pUR.. To- In going west one drops one day when 
day time isindispensable crossing this line. That is, Sunday is 


in carrying on our work. changed to Monday. Can you see why ? 

If vou plan a picnic for What would happen if one went east? 
y Pp Pp Why is this line so irregular? Explain. 

a certain date, you are 


really dependent on the sun for fixing the time. If you go 
to a lecture, you plan to be there on time. If you pass 
to your recitations at the ringing of a bell at 10.15 a.m., you 
use the sun to guide you. Railroads arrange their schedules 
by thesun. Businessis transacted by thesun. You are early 
or late according to a time schedule based on the sun’s path. 
You live by time, you remember by time, you plan by time. 
Time is absolutely necessary to carry on the world’s work. 





FicguRE 2328.—THE INTERNATIONAL DATE 
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A NEW TEST FOR YOUNG SCIENTISTS 


The Review Outline following each of the first thir- 
teen chapters of this book was prepared to help you 
sum up and review your work in that chapter. 

You have now become familiar enough with the plan 
of these Review Outlines to construct your own. For 


each of the remaining chapters, under the guidance of 
your teacher and using the chapter Summary as a basis 
of your work, carefully construct in your Science Dis- 
covery Book a Review Outline. This will be a new and 
thorough test of your ability as a young scientist. You 
will be surprised to discover how much you have pro- 
gressed since you began your study of Chapter I. 





SUMMARY 


No.work is done on our earth without the direct help of the sun. 
Its influence can be traced in all great industries such as transpor- 
tation, manufacturing, power generation, etc. 

- The tremendous attractive power of the sun is due to its great 
mass, which keeps eight planets revolving in their orbits at various 
distances from it, all differing in size, composition, and weight. 

From the surface of our earth can be seen thousands of other 
suns called stars, all of which are probably the centers of other solar 
systems much larger than our own and all situated at unthinkable 
distances from our earth. Many of these stars happen to be 
grouped in such a way as to form constellations which have been 
given appropriate names. Other groups are so far away as to form 
an indistinct white band across the sky called the Milky Way: 

Our earth moves in a regular orbit about the sun once in 3663 


days at a speed of 18.8 miles a second. It rotates completely about — 


its axis once every 24 hours, causing day and night. By the inclina-_ 
tion of its axis at an angle of 233°, a difference in the lengths of day 
and night is brought about. A variation in the lengths of day and 
night during the year is caused by the pecoel or of the earth about 
the sun. 

The seasons have a profound effect upon our habits, our cloth- 
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ing, our food, our animals, our plants, our methods of traveling, and 
our industries. 

Our earth is lighted at night, during a part of every month, by 
sunlight reflected from the moon, which revolves about the earth 
once every 273 days, making one complete rotation about its axis 
during the same period of time. The attraction of the moon and 
sun for the earth pulls the waters of our oceans out of place, causing 
the tides. 4 

Our earth’s shape, its revolution about the sun, and its rotation 
on its axis give us ideas of time expressed in years, months, days, 
hours, minutes, and seconds. Degree lines marked off on the sur- 
face of the earth give us latitude parallels and longitude meridians, 
by means of which we can locate any spot on the earth’s surface 
with great definiteness, tell what time it is at this spot and what 
time it is at any point on the earth where we happen to be. 
To keep accurate time in a large country such as the United States, 
Standard Time belts have: been adopted. To aid round-the-world 
travelers an International Date Line has been established. 

Without a time schedule no efficient work would be possible. 
Time is an essential factor in all industries and in all business affairs. 

Tt is safe to say that we run our world by the sun. 


Remember that : 


1. The sun is the source of all energy. 

2. The sun can do many kinds of work. 

3. The sun is the center of our solar system and controls the 
movements of all the bodies in this system. 

4. All the phenomena of eclipses, tides, etc., are caused by tha 
different relative positions of the sun, earth, and moon. 

5. Direction and time on the earth are based upon the relation 
of the sun to the earth. 


THOUGHT QUESTIONS 


1. How do we know that the sun does not revolve about the 
earth? 

2. Mr. A travels two degrees eastward on the equator, while Mr. 
B. travels two degrees eastward from Brooklyn, New York. Which 
has the farther to go? Explain. 

3. Explain why it never becomes dark in northern Lapland for six 
months of the year. What conditions prevail during the next six 
months? Explain. 

4. Explain why the days and nights are of equal length in Sep- 
tember and March. 
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5. Every place on the whole earth has equal length of days and 
nights in September and March. Explain. 

6. Quito, the capital of Ecuador, has equal days and nights the 
whole year through. Explain how this can be so. 

7. Why is it hot in Buenos Aires in December? 

8. As one goes towards the north pole in summer the days are 
constantly increasing in length. Explain. 

9. Could the sun get between the moon and the earth? Ex- 
plain. 

10. What occurs when the moon gets between the sun and the 
earth? (Figs. 233a and 233b.) 





Popular Science Monthly. 
FicureE 233a.—THE Moon BLiorttinc Out THE Sun. 


This photograph was made during the eclipse which occurred on 
; January 24, 1925. 


11. What occurs when the earth gets between the moon and the 
sun? Explain. 

12. What would happen if the earth did not rotate? 

13. What would happen if the earth did not revolve about the 
sun? 

14. What would happen if the earth ceased both its revolutions 
and rotations? 

15. What would happen if it ceased its revolutions but continued 


its rotations with its axis perpendicular to the plane of its present 
orbit ? 
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Popucar Science M. onthly. 
FIGURE 2338. — THE ECLIPSE OF THE SuN, JANUARY 24, 1925. 


Find the umbra and the penumbra. Why was the path of darkness on 
the earth so narrow? Why was the eclipse visible only north of the equator ? 
When could a lunar eclipse occur? Explain. 
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CHAPTER XV 


THE RELATION OF SOLAR ENERGY TO THE WEATHER 


Iam Storm — The King! 
My troops are the wind and the hail and the rain, 
My foes are the woods and the feathery grain, 
The mail-clad oak 
That gnarls his front to my charge and shock. 
— Francis M. Finch. 





“When the robin sings loudly we shall have rain.” Do 
you believe in this sign? What are weather signs? 
Name some. Did you ever have the weather spoil a 
good time on which you had planned? What do you sup- 
pose makes up the weather? Do rain, wind, snow, tem- 
perature, and sunshine have anything to do withit? Did 
you ever look at a weather map? Did it mean anything 


to you? If youlearned to read a weather map, you would 
probably become much interested in the weather. Who 
forecasts the weather for us in the newspapers? Did 
you ever hear of climate? of tornadoes? Of course you 
know what a thunderstorm is! But what makes these 
things happen? All these things and many others will be 
made plain in this chapter. 





Some Practical Questions : 
1. Why do clothes usually dry better on warm than on cold 


days? on windy days than on calm, still days? 


2. Why do water pitchers “‘ sweat ’’ on warm, ‘‘ muggy ” days? 
3. Why does frost often form on window-panes in cold weather? 


4. Why does a very heavy dew generally mean fair weather? 
5. Why are people tired and uncomfortable on a “ 


day in summer? 
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Home Problem. — Make a wind vane and a windmill. Set them 
up and make them work. Determine one practical use of each, 
Field Problem. — If the wind is in the east, note what it brings. 
If a rain storm, note the wind direction after the storm has passed. 
Account for any change. What makes it clear up? Study Figure 
247 before making your final decision. 


1. WEATHER SIGNS 


369. The Weather.— No one topic of conversation is 
more common than that of the weather. ‘ It’s a fine day,” 
“Ts it going to rain? ” and ‘‘ What do you think of this kind 
of weather? ’”’ are expressions that indicate the importance 
of the weather to the average person. 

The weather indirectly determines the amount and quality 
of the work done by the farmer in his field, the grocer in 
his store, the banker in his office, or the laborer in his 
factory. Whyisthisso? It is essential, therefore, that you 
study the weather in its vital relation to the life and work of 
the community. 

370. Weather Signs. — Many people say that if the tea 
kettle boils dry, it is a sure sign of an approaching storm. 
This may or may not be true. Therefore, it cannot be laid 
down as a rule. ‘‘If one’s bones ache, it is going to rain.” 
The ache may be due to another cause. The weather may 
have something to do with the ache, but it is not a true sign. 
Again, ‘if it rains on St. Swithin’s day, it will rain every day 
for six weeks following.” This is a pure superstition. 

Some signs, however, are more likely to be true than 
others. A few such follow: 

(1) ‘‘ Mackerel sky and mare’s tails, 
Make lofty ships carry low sails.” 
(2) “If the sun goes pale to bed, 
’Twill rain to-morrow, it is said.” 
(3) “ Evening red and morning gray 
Cheer the traveler on his way.” 
_ Make a collection of such sayings about the weather. 


Sad 
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_ 2. Factors Wuich Make WEATHER 

371. Weather Factors.— When you ask: What makes 
it rain? Why is there a heavy dew this morning? Is it 
going to be a fine day to-day? — you little think of how 
many factors enter into the kind of day you finally experi- 
ence. What are some of these factors and how do they act? 


Temperature is one of them. 


(Key) Demonstration 40: Problem: How does a thermometer 
show changes in temperature and how may we know if the thermom- 
eter is giving us the exact condition of the air? 

Materials: Two beakers; an iron tripod; a Bunsen burner or al- 
cohol lamp ; cracked ice ; water ; a Fahrenheit thermometer ; colored 
ink; an Erlenmeyer flask; a rubber one-holed stopper; and glass 
tubing (to fit stopper) about six inches long (Fig. 234). 





FicurE 234.— (Key) DEMONSTRATION 40, 

A, beaker of cracked ice; B, red ink; C, thermometer; D, beaker; 

E, one-holed stopper; F, glass tubing; G, Erlenmeyer flask; H, tripod; 
I, Bunsen burner; J, jar of water. 


Method: A. Fill the flask full of water. Putin a small amount of 
red ink, shake to mix, and fit stopper and tubing into flask so that 
colored water rises about one-third of distance to top of tube. Now 
mark this point and hold the flask over the Bunsen flame for a few 
moments. Note what happens to the column of water, and basing 
your observations upon previous work on heat, explain. 

B. Put some cracked ice in one of the beakers. Set the bulb | 
of the thermometer against this ice after recording the reading if 
of the thermometer and observe what happens, Next hee. 


f'% 
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water in the other beaker until it boils. 'Then recording the read- 
ing of the thermometer in the ice, place the bulb in the boiling water 
and observe what happens. What is happening to the mercury in 
the thermometer bulb? Why does it rise or fall? Give reasons 
for your answer. 

C. Fill the beaker containing ice full of ice and bury the bulb of 
the thermometer in thisice. Keep it there until the mereury column 
stops falling. Read where it stops falling. What is the mark 
there? Is the thermometer correct? Is its scale correct? Now 
place the thermometer in the beaker containing the hot water and 
bring the water to a boil again. Note the highest reading of the 
thermometer. Is it correct? What is the sign on the thermometer 
at this point? 

Observations: Write out fully all that you saw occur in this three- 
part demonstration and fully explain each step. 

Conclusions: What are your conclusions? Can you prove them 
to be correct? Explain. 

Practical Applications: How could you make a thermometer and 
test it out? Try it. Tell the above story complete in your Science 
Discovery Book. How does the mercury in a thermometer rise and 
fall as it hangs on the side of your house or on the wall of one of the 
rooms of your home? The heated air coming into contact with 
the bulb of the thermometer causes the mercury in the bulb to 
expand. It then rises in the tube. The reading on the scale is 
simply a scheme of man to indicate a difference in temperature. 
You feel warm, then, on a warm day because the air about you is 
warm and it is warm air that makes the thermometer rise. 


372. Air Pressure. — You know that differences in alti- 
tude make differences in air pressure. But are there any 
other factors which affect air pressure? What makes heated 
air rise? Is the weight of hot air the same as the weight of 
the same volume of cold air? Test this for yourself. 


Suggested Experiment. — Procure a horn balance, a Bunsen 
burner or alcohol lamp, two flasks of equal size, some fine sand, 
and a piece of string. Balance the two flasks on the balance. If 
they do not exactly balance, they can be made to do so by dropping a 
few grains of the sand into the one which hangs higher. Now ap- 
ply the flame gently to the shoulder of one of the flasks. Watch 
results. What is in the flasks to begin with? How do you know 
this? Why apply the heat to the shoulder of the flask? Why 


go balance the two flasks? What happened! What made 
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one flask rise? Which flaskfell? What happened to the air in this 
flask? Whatis the effect of heaton air? Why does heated air rise? 


373. Air Pressure and the Barometer. — Temperature of 
the air, then, will have something to do with its pressure, 
since the lighter a volume of air the less pressure it will exert 
upon a surface. Now 
suppose that warm air 
or cold air or moist air 
comes into contact with 
the bulb of a barometer 
which also contains mer- 
cury. What will happen? 


(Key) Demonstration 41: 
Problem: What is the effect 
of atmospheric pressure 
upon a barometer? 


Materials: Rubber tub- 
ing (A); a ring stand (B); 
a boiling tube (C), 1” K8”; 
a barometer tube; a two- 
hole stopper to fit boiling 
tube; bent glass tubing; 
and 2 pounds of mercury 
(D). 

Method: Fill the barom- x 
eter tube with mercury and = Fygure 235.— (Key) DEMONSTRATION 41. 
place over it the inverted 
boiling tube. Keeping this relation of the two tubes, reverse their 
positions and clamp the boiling tube to the ring stand. Fit the rub- 
ber tubing to the glass tubing and insert the free end of the latter 
into a hole of the stopper. Fit the other hole of the stopper to the 
barometer tube and slide the stopper down firmly into the mouth of 
the boiling tube (Fig. 235). 

Now placing the free end of the rubber tubing in the mouth, draw 
in the breath as hard as you can. Watch the mercury. When it is 
as low in the tube as you can bring it, place a finger and thumb 
on the rubber tubing, hold it tightly, and remove the tube from 
mouth. gh ae a 

Now wateh the column of mercury and let go of the 1 
tubing. What happens? 


Ss 
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Observations: Describe all the Hates that happen in Mine experi- 
ment. Do you think that the mercury column ever naturally varies 
in height? If so, when? 

Conclusion: Does atmospheric pressure affect a barometer? 
How is this brought about? Explain fully. 

Practical Applications: When air rises, it is warm and the pres- 
sure is low. Storms are due to the rapid rising of air. How doesa 
barometer predict a storm or fair weather? Do not fail to make 
a complete record of the above demonstration in your Science Dis- 
covery Book. 


374. Humidity. — You have noticed the water in the air 
when it is foggy, when it rains or snows, or when sleet is 
coming down. But there is water vapor in the air at all 
times and this is invisible. The term humidity is given to 
invisible water in the 
air. The amount of 
such vapor in the air 
at any one time can 
be determined. 


(Key) Demonstra- 
tion 42: Problem: How 
is the relative amount 
of water in the air de- 
termined by the use of 
a hygrometer? 


Materials: A wet- 
and dry-bulb thermom- 
eter apparatus (hy- 
grometer) (Fig. 236) or 
two Fahrenheit ther- 

FIGURE 236, — (KEY) DEMONSTRATION 42. mometers; a small 

Study the scales on these instruments and piece of muslin; thread; 
become familiar with them as you work the and some water. 
demonstration. Method: A. Inusing 

the hygrometer simply 
fill the water cup with clean water and then fan the wet bulb for 
afew moments. In using the two Fahrenheit thermometers wrap 
a small piece of muslin about the bulb of one thermometer and tie 
it with the thread. Wet the muslin. 





é 8. At the beginning of the demonstration take the readings of 
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both thermometers. Do so again after fanning the wet bulb for 
a few moments. Be sure that it has fallen to its lowest point. 
Now record the dry-bulb reading. Subtract the wet-bulb reading 
from this and find the difference. 
Dry-bulb reading ——- degrees 
Wet-bulb reading degrees 
Difference degrees 

C. Now consult the Relative Humidity Table (page 458) and 
follow its instructions. 

Observations: What effect did the fan have on the water in the 
muslin? The water in the muslin may be compared with the 
water in the air. As it is evaporated by the wind caused by the 
fan it takes heat with it and lowers the temperature of the air 
about the bulb. What will determine the amount of evaporation 
from the bulb as it is set outdoors? Will wind have anything to 
do with it? If there is much water in the air, will the water evap- 
orate fast? Explain. When will it evaporate fastest? Will the 
temperature of the air in any way affect the evaporation? The’ 
more the evaporation the more the mercury falls in the wet tube; 
the greater the difference in the readings, the lower the humidity. 
Is this statement right or wrong? Explain fully. 

Conclusion: Explain fully, giving your proofs, just how a hy- 
grometer tells us the relative amount of water in the air. 

Practical Applications: If there is a high relative humidity, what 
does it mean? What does a low relative humidity mean? How 
may this affect human affairs? Is the relative humidity the actual 
amount of water in the air? Would this amount be stated in grams 
or in percentage? If the relative humidity figure is 50, the air con- 
tains just half as much water as it can possibly hold. We call the 
relative humidity here 50%. If it should read 75%, the air would 
be holding three-fourths of its total capacity. If the number should 
be 100 it would mean that the air was saturated with water, — it 
would have reached the saturation point and could hold no more. 
Here is good material for your Science Discovery Book. Write it 
out in full. 





The Table of Relative Humidity, at the top of page 458, 
is used as follows: 

For example, suppose that the dry-bulb thermometer registers 72 
degrees while the wet-bulb thermometer registers 63 degrees. The 


difference between the two readings will be 9 degrees. Select the 
column having the figure 9 at its top and run the finger down it 
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TABLE OF RELATIVE HUMIDITY 


DIFFERENCE IN DEGREES BETWEEN Dry- AND WeET-BULB 
THERMOMETERS 


PERCENTAGE OF RELATIVE Humipity 











Dry Bus 
SPO 1115 
50 93 87 81 74 68 62 56 50 44 39 33 28 22 17 12 
52 94 88 81 75 69 63 58 52 46 41 36 39 25 20 15 
54 94 88 82 76 70 65 59 54 48 43 38 33 28 23 18 
56 94 88 82 77 71 66 61 55 50 45 40 35 31 26 21 
58 94 89°83 77 72 67 62 57 52°47 42 38 33 28 24 
60 94 89 83 78 73 68 63 58 53 49 44 40 35 51 24 
62 94 89 84 79 74 69 64 60 55 50 46 41 37 33 29 
64 95 90 85 79 75 70 66 61 56 52 48 43 39 35 31 
66 95 90 85 80 76 71 66 62 58 53 49 45 41 37 33 
68 95 90 85 81 76 72 67 63 59 55 51 47 43 39 35 
70 95 90 86 81 77 72 68 64 60 56 52 48 44 40 37 
1? 95 91 86 82 78 73 69 65 61 57 53 49 46 42 39 
74 95 91 86 82 78 74 70 66 62 58 54 51 47 44 40 
76 96 91 87 83 78 74 70 67 63 59 55 52 48 45 42 
78 96 91 87 83 79 75 71 67 64 60 57 53 50 46 43 
80 96 91 87 83 79 76 72 68 64 61 57 54 51 47 44 





until you find the number exactly opposite the dry-bulb reading. 
This number will be found to be 61%. This is the relative humidity. 
Read the two thermometers for several days and determine the rela- 
tive humidity each day until you become expert in finding it. Re- 
member that the indoors condition to be healthy should always 
read above 50 on the relative humidity scale. With a relative hu- 
midity above 50, the temperature of the room need not be higher 
than 68 degrees to be warm and comfortable. 


375. Importance of Evaporation and Humidity to Life. — 
People who perspire freely are always cooler than those who 


do not, because the exuding water takes with it the heat 
from the body. 


376. Humidity and Air Pressure. — In any one extended 
region where the air is concentrated, the air pressure is high 
and will be indicated by a high barometer. Under these 
conditions, evaporation of water.will be rétarded and the 


* 
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humidity will be low. On the other hand, when the air 
pressure is low, evaporation will take place more rapidly and 
the humidity will increase. A continually falling barometer 
will therefore indicate cloudiness and approaching rain. 





















































Ficure 237.—A BARoMETER (left) AND AN ANEMOMETER (right), 


One measures the atmospheric pressure; the other indicates the wind velocity. 
Is there any relation between the actions of the two devices? Explain. 


377. Temperature, Air Pressure, and Humidity. — Where 
air expands due to a high temperature, evaporation takes 
place more rapidly. The pressure at. that point will be 
reduced, due to the presence of lighter warm air and water 
vapor which is lighter than air. Humidity, then, generally 
accompanies warm weather. A great humidity will often 
accompany a temperature moderately high with no wind. 
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When these calms occur, “ hot waves” result. The ther- 
mometer is not high, but suffering from heat is intense. 
Explain. 

378. Air Currents. — Heated air expands. It is lighter than 
cold air (volume for volume). Explain. Moist air is lighter 
than dry air (volume for volume).! Why? The molecules of 
warm expanding air or moist air separate, thus making it 
relatively light. The surrounding heavier cold air rushes in 
and forces up the warm air. Air currents are thus set up 


DAY NIGHT Cool 
and High 
Pressure 








Hot. 
and Low 
Pressure 
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Figure 238.— Day AND NicHt Atk MovEMENTS. 


Study this picture and explain the direction of the arrows. Why should the 
wind blow landward during the day and seaward at night ? 


which we call winds. Winds at once increase evaporation 
from any surface over which they blow, since the dry air, as it 
rises, absorbs water and the next volume of dry air which 
follows takes its load also. It follows, then, that breezy 
days are cooler than still days, and muddy roads and wet 
clothes dry better on windy than upon quiet days. Explain. 
Will the air pressure be low or high on a windy day? What 
will the air pressure be on a quiet day? Try the Suggested 


1The nitrogen and oxygen in the air are heavier than the water 
vapor. The more moisture there is in the air, the less oxygen and 
nitrogen there can be in any given volume because, as you have al- 
ready learned, two bodies cannot occupy the same space at the same 
time. Therefore, the more moisture in the air, the less air pressure 
and the lighter will be any given volume of air. Can you see this? 
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Experiment on page 471 and from this tell what makes 
the wind blow. 

379. Rate of Evaporation. — The rate of evaporation of 
water from the surface of the earth depends, then, upon 
(1) the amount of water vapor in the air; (2) the temperature 
of the air; (3) the air pressure; and (4) the air movements 
or wind. Given these factors which control the rate of evap- 
oration, it is fairly easy to determine what the weather will 
be in the immediate future. 

380. The Formation of Dew. — Now suppose you find 
out for yourself what happens when dew is formed. 





FicuRE 239.— Snow, Dew, AND Frost. 


The snow crystals must have been formed in extremely cold air. Why ? 
The rock marked 50° causes the formation of dew upon it. Why? The 
rock marked 22° has frost upon it. Why ? 


Suggested Experiment. — Get an empty varnish can of one- 
quart size, an iron tripod,and some ice. Fill the can two-thirds full 
of water and add enough ice to fill the can. Place it on the tripod. 
Watch for results. What do you note on the sides of the can after 
a few minutes? Could this moisture have come from within? 
Explain. Do you see moisture on the top? Lift the can and look 
at the bottom. Do you see moisture here? What caused the 
water to form on the can? This is dew. Does dew fall? Give a 
full reason for your answer. What makes the dew? Explain in 
full. Why do pipes containing cold water ‘ sweat ’’ in summer? 
Why can one see his breath out of doors in the winter time? Why 
will one’s eyeglasses often become covered with mist when coming 
into a warm room from outside when the temperature outside is low? 


381. Condensation. — When the temperature of the air 
is lowered, it is able to hold less water vapor. Explain. 
If the temperature of the air continues to become still 
lower, the moisture is forced out of the air, forming into 
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small drops of rain. This is condensation, which is the 
direct result of the rapid lowering of the temperature of a 
humid mass of air (Fig. 240). 

382. Varying Results of Condensation. — Dew is formed 
when the condensation occurs on objects on the earth 
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FicuRE 240.— STAGES IN CONDENSATION. 


At a, the air is rising rapidly taking with it much moisture between its 
molecules. The barometer falls as the moisture increases. Why? The 
air temperature falls as the air rises. Why? At e, drops of water begin to 
form. At f, clouds appear and are carried to the right by the wind. Soon 
the moisture begins to fall as rain. Why? At g, the pressure increases. 
Why? The barometer begins to rise, the humidity is lowered, and fair 
weather follows at b andc. Why? This sums up the story of a rainstorm. 
Explain it fully. 


(Fig 239). Explain. If the temperature at which conden- 
sation begins is below the freezing point, the moisture is 
condensed in solid form, as frost (Fig. 239). If the con- 
densation occurs in masses of air near the earth, fog or mist 
appears. Fogs are common features of low lands near rivers 
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orlakes. Explain. If rain, falling from high altitudes, passes 
through an area of extreme coldness, the water drops may be 
frozen and fall as hail, causing damage and loss. At tem- 
peratures below the freezing point, the water vapor will form 
into most beautiful, six-pointed designs which we call snow 
(Fig. 239). 

383. Clouds. — When condensation takes place above the 
earth, clouds are formed, greatly varying in character and 





Taylor Instrument Co. 
FicureE 2414. —Srrato-CumuLus CLoups. 


These clouds are usually fair weather signs, but sometimes mass together 
and produce showers or thunder storms. Look for such clouds and see what 


they mean. 

form. Clouds are interesting to us because of their beauty 
and their aid to us in predicting coming weather conditions. 
Study Figures 241a and 241b. Try to name the clouds you 
see and tell what they indicate. 


3. RESULTS OF THE INTERACTION OF WEATHER Factors 


384. What Is Weather ?— You have been considering for 
some time the factors which produce weather. Air is 
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probably the most important of these factors. For example, 
to-day, it is hot and humid (that is, there is much moisture 
in the air), slowing up the evaporation of perspiration and 
making one uncomfortable; there is the slightest movement 
of the air and the barometer shows a low atmospheric pressure. 
To-morrow, the sun may be shining, the air moving at a gale, 





Taylor Instrument Co. 
Ficure 241B.—Crrrus (sir’is) Couns. 


Sometimes called ‘‘ mares’ tails’’ and ‘bridal veil’’ clouds. They are the 
highest clouds and indicate the approach of stormy weather. 


the temperature much reduced, and the air pressure greatly 
increased. What, then, is weather? 

Weather 1s the general condition of the atmosphere, at any 
particular time and place. 

385. Cause and Effect.— Weather changes are often so 
rapid and various that many people think that weather knows 
no law. It provides a beautiful day for a picnic or excursion 
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or the reaping of a harvest, or it may spoil all these ac- 
tivities and then do terrible damage besides. It may destroy 
crops by drought or floods. The weather is one of the best 
examples of the unerring working out of the law of cause and 
effect. For example, a rising barometer means fair weather, 
while a falling barometer means unsettled weather or rain. 
This shows that increased air pressure somehow causes fair 





Taylor Instrument Co. 


FicureE 242.— THUNDER HEADs, 


Rapidly rising clouds near the earth with white tops and dark lower edges, 
They indicate an approaching thunderstorm. 


weather, while a reduced air pressure results in rain. There 
must be an intimate relation, then, between air pressure 
and the kind of weather we experience. This relation never 
varies. 

386. Local Storms. — The most common of local disturb- 
ances are thunderstorms. In these, frictional electricity is 
generated by the extremely rapid condensation of water vapor, 
due to a very rapidly rising column of highly heated air 
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during an excessively hot day. Study Figures 243a and 243b 
and fully explain them. 

The upper layers of air up to four miles high are charged 
with electricity, but it cannot reach the earth because of 
the dry layers of air below, which are poor conductors of 
electricity. As the clouds lower, the attraction between the 
earth and clouds becomes greater. There is a sudden increase 
in rainfall, due to greater condensation of moisture. 











FicuRE 2434.—Wuy LIGHTNING STRIKES THE EARTH. 


The thunder cloud a is positively charged. The church ¢, resting on 
the earth b, which is negatively charged, acts as a conductor. The tree d is 
negatively charged as is also the water e and cloud f. The moist air acting 
as a conductor carries the charge from the positive to the negative point and 
the lightning strikes. What would prevent its striking the church ? 


The thunder is caused by the sudden contraction of the air, 
which was heated and rapidly expanded as the electric bolt 
passed through it. As the lightning flashes, other clouds 
may receive the electrical charge, or bodies of water, church 
steeples, towers, buildings, trees, steel structures, or persons 
may be struck. For this reason, during a thunderstorm it is 
best never to stand near a tree or a steel structure or in a 
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FIGURE 2438. — LIGHTNING STRIKING THE EIFFEL TOWER. 


A picture presented to M. Camille Flammarion, the great French astrono- 
mer, by M. Eiffel, the builder of the tower. Taken at 9.20 p.m. What 
caused the lightning to strike the tower? What did Franklin discover about 
lightning ? How could the lightning be kept away from the tower ? 
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strong draft or to carry a metal object likely to attract the 
charge. Every summer tells its story of the work of elec- 
tricity in destroying lives and property (Key Picture 15). 

We should not be afraid of thunderstorms, however, pro- 
vided foolish risks are not taken. Rather, we should wonder 
at and admire the beauty and grandeur of an electrical storm 
as a fine example of the power of the elements and the work- 
ing out of natural laws. 

387. Tornadoes. — Tornadoes operate within a very 
limited area, sometimes attaining a speed of two hundred 
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FicgurRE 244, — How THE TORNADO WORKS. 


What causes the air currents at a to rise and those at b to sink? This 
action soon develops a spiral action of the air shown at the right and the 
whole moves along at great speed. 


miles an hour, their path seldom exceeding thirty miles in 
length and one fourth of a mile in width. 

The marked conditions preceding a tornado are hot, humid 
days, south winds, and high cumulus clouds. These condi- 


1Tt was Franklin who first discovered by his kite experiments 
that lightning is electricity of a frictional nature, and from his dis- 
covery he worked out the principle of the lightning rod, the points 
of which gradually receive the electrical charge during the storm. 
This prevents the sudden flash. 
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tions bring the tornado into action in the late afternoon or 
early evening. It is characterized by a rapid rotary motion 
produced by the meeting of several currents of air of different 
temperatures and by a very rapid rise in the temperature of 
the air near the earth. Study Figure 244 and answer the 
questions beneath it. What name is applied to tornadoes 
at sea? (Key Picture 15). . 

388. Importance of Rainfall. — Now imagine, for a 
moment, what would happen if all rainfall should cease. 
All rivers and streams would at once show a marked decrease 
in stream flow; the lakes would soon become shallow; the 
earth itself would lose its fertility and turn into a barren 
waste. Trees would lose their leaves, vegetables would dry 
up, and crops would not grow. All living things would be 
obliged to live along the sea coasts and even here life would 
eventually be at an end. Explain. Rainfall means life; 
life means industry and work. 

389. Cyclones and Anticyclones.— The existence of 
areas of unequal pressure, extending from west to east across 
the United States, gives rise to what are called storm areas. 
These are areas where the cool air is rushing in from all 
sides towards a spot where the pressure is low, due to the 
rapid rising of warm air currents and the absorption of much 
moisture from the earth’s surface (Fig. 245). But as these 
storm centers move eastward because of the rotation of the 
earth, they begin to revolve. 

In the northern hemisphere great volumes of air revolve 
counter-clockwise and in the southern hemisphere they 
turn clockwise. Such whirlpools of air are called cyclones. 
Coming from the southwest, these cyclones bring seasons 
of drouth, called “ hot waves,” while those from the north- 
west and the lake regions bring seasons of unsettled weather 
and rain. Explain. 

As the air rises over a cyclone area, it rapidly expands, 
cools, and spreads out, slowly sinking again perhaps hun- 
dreds of miles away, where it is gradually warmed again. 
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FicurE 245.—HicH anp Low PRESSURE AREAS, — ANTICYCLONES AND 
CYCLONES. 


Note the barometer readings on the different figures. Where is the 
cyclone? the anticyclone? Why do the high pressure arrows point to low 
pressure areas? Explain. 


Cyclones and Anticyclones A71 


This movement of the cool air outward from the high pressure 
area is exactly opposite to that of the cyclone and is, there- 
fore, called an anticyclone. This condition brings what we 
call a “cold wave.” In areas of an anticyclone the air 
pressure is always high and the sky is clear. The winds are 
dry, cool, and gentle. Explain. 

You can, if you desire, determine for yourself just how a 
storm center is formed. 





Why does the air rise over the water? Why does it go towards the water 
at y and x? Where is the high pressure area? the low pressure area? 
Think of the center as the Mississippi River Basin and E as the Appalachian 
Mountains and W as the Rocky Mountains. Where will there be a cyclone ? 
anticyclone ? Why is the basin so hot in summer ? 


Suggested Experiment.— Secure a lamp chimney, a candle, 
several pencils, and two joss sticks. Light a small piece of candle 
(about one inch long). Place the chimney down over the candle, 
resting it upon the pencils so that it does not touch the table. 
Light the joss sticks. Hold one of them over the top of the chimney. 
Note direction of its smoke. Hold hand over the top of chimney. 
Note the heat. Now place the second lighted joss stick near the 
bottom of the chimney. Note the direction of its smoke. Move 
the stick entirely around the base of the chimney. Note results. 
What evidence have you that the air was rising from the chimney? 
What made it rise? In what direction was the air moving at the 
bottom of the chimney? How do you know? What caused it to 
move? From how many directions was the air moving towards 
the chimney? Wemay really call this heated area with rising warm 
air and inrushing volumes of cold air, a storm center. What are 
the conditions which cause a storm center? Give proofs. 
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390. Storm Paths in the United States. — A study of a 
storm path map of the United States (Key Picture 15) will 
show some interesting facts. (1) The general direction is 
east to northeast follow- 
ing the path of the pre- 
vailing westerly winds. 
(2) The storms origi- 
nate in the northwest, 
southeast or south, but 
most come from the 
northwest. (3) The ve- 
locity of these storms is 
from 500 to 800 miles 
per day, the lower rate 

South Wind prevailing in summer 
Ficure 247.— Tue Eve oF THE STORM. and the higher in winter 
In which general direction is the storm due to the marked dif- 


moving? Yet the wind’s direction is con- ferences in air pressure 
: Se : ny EE 

tinually shifting in New York City. Why: in the two seasons. 
As the storm approaches the wind blows from ; 
the east; as it passes the wind blows from the (4) The changes in tem- 


west. Why does an east wind usually mean perature as the storm 
tee ee wind mean fair weather ? center passes any given 

point are rapid and 
marked, being greater in winter than in summer. (5) The 
storm centers generally pass out over the Atlantic Ocean at 
or near the Gulf of St. Lawrence. 


North Wind 





4. CLIMATE AND Its ImporTANT EFFECTS 


391. Climate. — You are now ready to learn the meaning 
of climate in contrast to weather. Climate consists of the 
average of successive weather conditions at a particular place 
or in a particular area over a long period of time. Climate, 
then, is a generalized statement of the weather. You may 
speak of the weather in New York City on any one day as 
being very variable or you may rightly use the same phrase 


Climate and Animals 473 


in referring to its climate through many years. The average 
temperature throughout the year is high, but the weather 
changes are sudden and extreme (Key Picture 15). 

In Arizona there is a far different climate due to the dry 
air, little rainfall, and hot winds. Account for the climate 
in Oregon and central California (Fig. 248). 

392. Climate and Plant Life. — It takes just the right 
combination of climatic factors to make a rich or a barren 
country. In Arizona, intense light and heat and lack of a 
plentiful water supply reduce plant life to a few forms. 





FicuRE 248.— MounTAINS AND RAINFALL. 


Account for (1) rain clouds over a, (2) little rain at b, (3) much rain at left 
of c, (4) little or no rain at d, (5) drouths at f (Nebraska). g represents the 
Mississippi River. c shows the Sierra Nevada and e the Rocky Mountains. 


On the other hand, the great warmth and moisture of the 
tropics give luxuriant plant growth, —enormous trees, lianas, 
broad-leaved plants of great size, and dense foliage. 

In the temperate regions you find the great food plants — 
grains, grasses, orchard fruits, and vegetables. These feed 
the world. Here the amount of heat, light, and water is 
moderate and the soil generally good. The plants show no 
marked adaptations because there is no need of them. 

393. Climate and Animals. —In the winter, most fur- 
bearing animals, like the rabbit, beaver, and fox, put on a 
thicker coat of fur. Others like the ptarmigan change 
color. Still others are permanently adapted to their sur- 
roundings like the polar bear in the Arctic regions, whose 
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fur is thick and white. Some animals such as the sheep 
will take on or shed their thick wool as they are moved to a 
cold or warm region. 

Finally, great herds of cattle can be supported only in 
temperate climates. Why? Horses, cows, pigs, fowl, and 
other domestic animals can be cared for only where agricul- 
ture is widespread. Why is the United States the greatest 
meat-producing country in the world? 








FicurRE 249,— THE SIAMESE Twins. 


Two giant Sequoia trees in the Tuolome Grove in California. Climate and 
soil produced these monsters, — 300 feet high. 


394. Climate and Industry. — The fruit-raising industry 
is a distinct and most important factor in the life of the people 
of California. Cotton growing, because of its seasonal 
nature, developed a peculiar type of workingman and a dis- 
tinctive industry in the South. The open plains of the 
Northwest, due to the climatic conditions, encouraged the 
cattle-raising industry. 

On the other hand, in the Torrid Zone little industry is 


Climate and Health — ATS 


developed, owing to the excessive heat and humidity, 
though the natural resources are unlimited. Industry thrives 
best in the temperate countries, and the position of the 
United States makes it most fortunate in this respect 
(Fig. 250). 

395. Climate and Occupations. —It is clear that car- 
penters, masons, architects, painters, railroad conductors, 
motormen, and a host of similar workmen will not be in 


Om, 


Taylor Instrument Co. 
FicurReE 250.— CLIMATE AND CIVILIZATION. 


\\ 





The greatest industries and the most energy are found among peoples living 
in the white zone. Explain why this is so. 


much demand in Greenland or in the Sahara Desert. Like- 
wise, where the climate is temperate and the natural re- 
sources many, the occupations will be many and different. 

396. Climate and Health.— A humid, damp climate 
tends to cause throat and lung trouble. Dry climates, like 
that found in the southwestern states, help destroy bac- 
terial germs in the lungs. High altitudes, such as are 
found in the Rocky Mountain region, are helpful to many 
people (Fig. 251). However, the most energetic people 
are those who live in changeable climates. A good example 
of such a climate is to be found in the region about New 
York City. Here the weather is changeable and the climate 
severe as compared to that found in the southern states, 
but the death rate is very low, about 10 in 1000 (Key 
Picture 15). 
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FIGURE 251.— THE YOSEMITE VALLEY, CALIFORNIA. 


Said by many to be the most healthful and beautiful spot in the world. 
There is little industry here, but health-giving air and sunshine are free for all 
to enjoy. The elevation is more than 5000 feet. 


SUMMARY 


The weather is the result of the working of very fixed natural laws. 
‘The important factors composing weather are_air_temperature, air 
pressure, humidity, and air movements. Their constant action upon 
one another (humidity reducing evaporation and air pressure; 


Thought Questions ATT 


temperature reducing air pressure and increasing evaporation; the 
relations between air pressure, temperature, and wind, etc.) results 
in fair or foul weather, the latter showing as precipitation of mois- 
ture in the form of rain, snow, hail, or fog. The atmospheric con- 
ditions at any one time and place make up what we call weather. 

Condensing moisture at a high elevation results in clouds of differ- 
ent kinds which may be precipitated as rain, snow, ete. Variations 
in rainfall at any one point are due to several air and land factors. 
The distribution of rainfall in the United States is fairly regular and 
of great importance to the people of the country. 

The interaction of many weather factors over large areas develops 
storm centers called cyclones and anticyclones, which result in_high- 
and low-pressure areas moving across the United States from the 
northwest to the southeast and northeast. Local storms may take 
the form of thunderstorms, tornadoes, ete., depending upon locality 
and peculiar atmospheric conditions. 

The weather conditions over a large area and covering a long 
period of time make up what we know as climate. Climate has a 
profound effect upon soil, plant and animal life, crops, industry, 
occupations, distribution of population, and health. Weather 
exerts a tremendous influence upon the work of the whole world. 
But remember, — this is due to the sun’s relation to our earth. ) 


Remember that : 


/ 1. The weather is the result of the sun’s action upon the factors 
of the environment and their reaction upon one another. 

2. Precipitation (rain, snow, etc.) are the results of the action of 
the sun and of gravity upon moisture. 

3. Storm centers are the result of the interaction of weather 
factors over a large area of the earth’s surface. 

4. Local storms are the result of the interaction of weather factors 
over a limited area of the earth’s surface. 

5. Climate is the result of the interaction of world environ- 
mental factors and deeply affects animals, plants, populations, and 
their occupations over the whole earth. / 


y / 


THOUGHT QUESTIONS 


1. What causes low pressure and high pressure in the atmos- 
phere? 

2. Why do the lands along the seashore generally get rain in 
winter while the inland regions get snow at the same time? 
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3. Explain why at night there is usually a greater breeze on the 
water than on the land. 
4.. Explain why the wind blows from the east before a slow rain 
and from the west as the storm clears away. 
5. ‘Why do fruit growers on cloudy nights seldom fear damage 
to their fruits from frost? 
6. Smoke from chimneys falls toward the ground when a storm 
is approaching. Why is this so? 
7. Why does the temperature of the air drop after a storm? 
8. Why does frost form on window-panes in winter? 
9. Why will a balloonist have to throw out ballast as night 
comes on? 
10. Why is our longest day seldom our hottest day? 
11. How can different clouds in the sky travel in different direc- 
tions at the same time? 
12. Why does a fireplace smoke when a fire is just started, espe- 
cially on a rainy day? 
13. If a “‘low”’ is in Illinois, which way will the wind blow in 
Michigan? in Mississippi? in Kansas? in Ohio? — 
14. Why is there always much draft near a large fire? 
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PART V 


THE STORAGE AND USE OF SOLAR ENERGY 
BY LIVING THINGS 


Science discovers law in Nature and makes it intelligible. 
. — Wood. 


You know that a green plant will grow best in the sun- 
light. It turns its leaves toward and seems to reach out 
for the sun’s rays. This means that a green plant requires 
the heat and light energy of the sun in order to grow. It 
has the remarkable power of absorbing the sun’s energy 
and making it do a definite piece of work. Its green leaf 
can, with the help of the green coloring matter, put the 
heat and light of the sun to work combining air and water 
and from them make — food. 

Animals cannot use water and air as food but they can 
eat the food which the plant makes out of the air and water. 
Animals cannot work without this food. Plants make 
possible the work of the world. 

You already know that coal and oils are the remains of 
plants and animals living millions of years ago in the car- 
boniferous age. These plants and animals were made by 
the sun at that time. It is now plain to see why coal and 
oils release heat and produce motion. Foods do the 
same thing in the bodies of animals. The manufacturing 
of shoes and the making of food both require the energy 
of the sun. The car shop and the human body both do 
work because fuels are used in them. 

In the next two chapters are the details of the way a 
green plant makes food and fuel and why agriculture is the 
vast and fundamental industry that it is, making possible 
the work of the world. 
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Key Picture 16.— THE GREEN PLANT AND ITs Parts. 


Study every detail of this picture until you understand the parts of the 


plant and their functions. How many functions of the plant are here 
shown? Explain. 


Continually turn back to this picture as you study this 
chapter, 
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CHAPTER XVI 
THE WORK OF PLANTS IN THE PRODUOTION OF FOOD 


See’ st thou the fern and tree, the herb, the flower, 
Have they not life as thine, and health and power? 

Do they not breathe and eat and drink to be 
Something they have in common, man, with thee? 


— John P. Morris 


Strip the world of its pellicle of soil — thinner relatively than the 


bloom on a peach — and you have destroyed all life. 
we often call it the Divine Soil! — Wood. 


What is dirt? Whatis soil? Can you tell? Did you 
ever think that water had anything to do with the soil? 
How do you think air, temperature, and dead leaves 
would affect the soil? Could plants grow in pebbles? in 
sand? What do you suppose makes soil good? Did you 
ever plant a garden? Did the seeds grow? How do 
seeds turn into plants? What color are most plants when 


they come above the ground? Does this mean anything 
to you? Did you ever hear that plants make food? No 
food in the world outside of salts can come from any 
source other than plants. Do you believe this statement? 
If foods are so important and plants make foods, how are 
we going to protect them from their natural enemies? 
That is a problem which is discussed in this chapter. 





Some Practical Questions : 


No wonder that 


1. What kinds of soil in your community are thought to be the 


most valuable and why? 
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2. What kinds of soil are likely to stay wet and sticky a long time 
after a heavy rain? Do you find any gardens in your commu- 
nity hard to work because of this condition? Are these gardens pro- 
ductive? 

3. Gardeners seldom cultivate the soil immediately after a rain. 
Why? Why do they often cultivate their gardens during a drouth? 

4. Gardeners generally water their plants in early morning or late 
afternoon. Why? 

5. Do we grow plants in the garden mostly for their flowers, 
their seeds, their roots, or their leaves? 

Home Problem. — Plant one corn seed and one bean seed in 
separate pots of earth. Watch them develop day by day. Makea 
series of sketches of each every third day until each is six inches 
high. Label all parts as they develop. Note how each got out of 
the ground. 

Field Problem. — Notice all the gardens on the way to and from 
school. Note the connection between the soil, lay of the land, and 
the plants in each. Note also the garden plans and determine which 
is the best all-round garden, with reasons. 


1. Wuy Puants ARE Important To Us 


397. Environment and Green Plants. — Both climate 
and weather affect the small area of ground and the plants 
growing in it which you call your garden. Early or late 
frosts may ruin it. Heavy rainfalls may wash it out. 
Drouths may dry it up. These differences, you should 
remember, go back to our discussion of our solar system. 
They are all caused by the relation between our sun and our 
earth. Your garden, then, is closely related to the laws of 
our solar system. Our potatoes and our seasons are both 
controlled by the same laws. Explain. 

398. The Importance of Green Plants. — During the 
years 1916, 1917, and 1918 we heard a good deal about war 
gardens. Millions of dollars’ worth of food was produced 
in back yards so that more food might be sent to the Allied 
armies in Europe. As a matter of fact, green plants are the 
greatest factories in the world. Were it not for the home 
gardens and the farms we should soon starve. The raw mate- 


The Nature of Soil 483 


rials out of which green plants manufacture our foods are 
mostly invisible and for this reason their work seems a mys- 
tery to us. A large proportion of our bodies was once air 
(gas). With this strange fact in mind you should be curi- 
ous to study green plants, with special reference to their use 
of air and soil. 





Ficure 252.—A TypicAL GARDEN. 


What factors of the environment affect a garden? Why are the plants 
grown in rows ? 


2. Som and Puant LIFE 


399. The Nature of Soil. —If you pick up a handful of 
soil from your yard, it appears to be simply a crumbling mass 
of dirt, but examined under a hand lens, it is found to be 
composed of small, individual particles of shiny, rough or 
irregularly edged quartz (kwérts), mixed with other dark 
particles which do not glisten and are soft in texture. Soil, 
then, as we find it, is pulverized rock plus dark particles formed 
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of dead, decaying matter, — once a part of living things, both 
plants and animals, and for that reason called organic matter. 

This soil is made from hard 
rock by the process of weathering, 
which is brought about by the 
slow action of rain, running water, 
ice, frost, and wind. Much soil 
was once formed by the action of 
glaciers during the Glacial Period. 

So the rock crust of the earth 
is covered with a very thin layer 
of life-giving soil. Yet it is a 
fact that some soils are better 
adapted to support life than 
others (Fig. 253). 

400. How Soils Differ. — It is 
a common observation that gar- 
den soils differ greatly in color 
and texture in the same village 
or town. 


Clay is composed of the finest kind 
of soil particles, which when moist 
cling together so that they cannot be 
separated or worked. On the other 
hand, sand is composed of such large 
ag Bae Gracaunes: particles that they will searcely hold 

Rigune 260. Pir Roors together even when wet and will pour 
Ree sera from the hand like water. Such soil 

Nats Hiabrons eens etre ebt is easy to work, but has little plant 
down for water and the granu- food in it. 
lar habure’ot he Sate Subsoil, a common form found a 

few feet below the surface of the 
ground, is composed of finely pulverized rock, varied in color, finer 
than sand and coarser than clay. This soil has been largely pro- 
duced by glaciers and has for this reason little plant food in it. 

Sandy loam is a mixture of sand and subsoil with some organic 
matter added to it. Clay loam is a mixture of clay, subsoil, and 
organic matter, is hard to work except when slightly damp, is 
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fairly porous, and contains the elements needed by certain plants 
producing acid fruits or seeds. 

Dark soils containing large quantities of organic matter are often 
called humus soils. Such soils are best for plants. Can you explain 
why? This organic matter always contains large numbers of angle 
worms. Canyousee why? These worms do wonderful work in plow- 
ing up the soil and bringing into it much organic matter. Explain. 

A very practical bit of work for you to do would be to dis- 
cover what kind of soil makes plants grow best. 


Suggested Experiment. — Take some sand, some clay, and some 
loam in equal amounts and plant in each kind of soil six pea or corn 
seeds. Give each soil equal amounts of water from time to time 
and set each in the same conditions of heat and light. Explain 
this. Watch for results, making records in your Science Discovery 
Book, and finally draw your own practical conclusions. 

401. Soils Hold Water. — Liquids tend to rise up narrow 
tubes by what is called capillary attraction. A porous soil is 
full of capillary spaces which, if not broken up by cultivation, 
allow rapid evaporation of the soil water. Different kinds 
of soil have different water-holding capacities. The soil to 
be desired is one that will hold water long enough for plants 
to get what they need but not so long as to injure them. 
This means that something must be added to the sand to 
give it greater water-holding capacity and to the clay to 
make it more porous. What material would you suggest 
adding to the soil? Why? 

402. Soil Cultivation. — The working of the soil in your 
garden does the following things for it. (1) It separates the 
soil into very small particles, and breaks up the capillary 
spaces. (2) It mixes the organic materials evenly through 
the soil. (3) It lets plenty of air into the soil to oxidize the 
organic materials and give life to the garden plants. (4) It 
prevents the excessive loss of water. Explain all these points. 


3. Tur Seep AND PLANT GROWTH 


403. Soils and Seeds. — Soils may be rich and possess 
plenty of water and air, but they are of no use to man until 
seeds are planted in them. What is a seed? 
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Laboratory Exercise. — After soaking some bean and corn seeds 
in water for from six to twelve hours remove the outside covering 
or testa of a bean seed and note the two halves or cotyledons (k6t’- 
\-lé/diinz) or seed leaves which are heavy and full of food. Can 
you see the advantage of this? What is their use to you? Care- 
fully pry these cotyledons apart and observe the structure inside. 
Under a hand lens two tiny leaves should be visible with the veins 
clearly seen. How does the lens make them clearer? Note the 
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FicurE 254.— SEEDS AND SEEDLINGS. 


Carefully trace the changed position of the seed parts in each step of growth. 
Become familiar with the seed parts and their functions. 


small pointed portion, the minature root, and the short stem where 
the little plant is fastened to the cotyledon. Here we have a tiny 
plant or embryo ready to grow and work when placed in the right 
environment. What is this environment? In what direction will 
the leaves grow? the stem? the root? Study the diagrams and 
be sure that you know thoroughly all the parts and their functions. 

The corn kernel will show you similar structures, though shaped 
differently. If the kernel is split lengthwise, one cotyledon will be 
found instead of two. Its function is to absorb the food from the 
endosperm or stored food compartment found at one side full of 
starch and oil, The shoot or stem and the root are found where 
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you would naturally look for them. Compare the parts with those 
shown in the diagram and become thoroughly familiar with them. 

What, then, isa seed? It is a young plant (embryo) surrounded by 
a protective covering and containing stored food (either packed in it or 
in a separate compartment). What is the embryo? It is the young 
plant, alive, but inactive, in the seed. 


404. Plants Grow and Do Work. — In from four to fifteen 
days after the seeds are planted, the young plants begin to 
appear above ground. They have germinated. They are 
turning into seedlings. In growing they break their way 
through the earth. They do work. Explain. Plant some 
corn kernels and bean seeds and as they germinate compare 
them with the different stages shown in Figure 254. 

405. Digestion and Growth.— Practically all seeds contain 
starch. This can be proved by putting a few drops of iodine 
solution !on the surface of any open seed. The seed will turn 
blue, showing the presence of starch. When heat and air 
come into contact with a seed, no growth occurs. But add 
water, which enters with the air into the seed through the 
micropyle (a tiny opening in the side of the seed) and a 
substance in the seed, called diastase, acts upon the starch 
and changes it to grape sugar so that it can be carried to all 
parts of the young plant in the seed. This changing of an 
insoluble substance (starch) to a soluble substance (sugar) is 
called digestion. This change can easily be demonstrated by 
boiling a few pieces of the stems of the seedlings in a test tube 
containing some Fehling’s* solution. A change in color of the 
solution from blue to brick-red indicates the presence of sugar. 


1Todine (i’6-din) solution may easily be made by adding some 
crystals of iodine to enough 95% alcohol to dissolve them. 

2 Fehling’s solution may be readily made in the following manner : 
To 500 ce. of distilled water add 35 grams of copper sulphate. This 
is called Solution 1. 

To 500 ec. of distilled water add 160 grams of caustic soda (sodium 
hydroxide) and 173 grams of Rochelle salts. This is Solution 2. 
When needed, mix equal parts of solutions 1 and 2. Druggists will 
also furnish these two solutions in tablet form. 
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The oxygen in the presence of heat begins to slowly oxidize 
this sugar, starch, and oil in the seed, and more heat is released, 
which is the energy used by the young seedling in emerging 
from the ground. These young plants actually do work. 
Explain. What has now become of your seed? The food 
stored in it has now become part of the roots, stem, and leaves 
of the developed plant before you. What are the principal 
parts of any typical plant? 


4. PLANTS AND Sort WATER 


(Key) Demonstration 43 : How does water get into a plant? 


Materials: A thistle tube; collodion (k6-16’di-i%in) or a piece of 
animal membrane (sausage casing); a large-sized pill bottle with 
straight sides; two wide-mouthed bottles; a ring stand; 4 oz. of silver 
nitrate solution; and salt. 

Notr. —If collodion is not used set up the usual apparatus as 
shown in Figure 255, Firmly tie the animal membrane on the large 
end of the thistle tube. 

Method: A. Pour alittle collodion into the pill bottle and quickly 
revolve the bottle in a horizontal position to spread the collodion 
evenly on its sides. When the collodion stops running, lay the bottle 
aside until the collodion dries enough to come away from the sides 
of the bottle. Carefully remove the collodion in the form of a bag. 
This represents a plant cell and is made of practically the same 
material (cellulose) as a cell wall. Tie this bag over the small end of 
the thistle tube so that it is water tight. Make a concentrated salt 
solution and pour it slowly into the large end of the tube, filling the 
bag and one-half the tube. Mark position of liquid by a rubber 
band. Fasten tube in ring stand so that the bag is wholly immersed 
in a beaker full of fresh water. Set aside for a few moments and 
note what happens. 

B. In a second bottle pour some water and a few drops of silver 
nitrate (AgNOs) solution. Note what, if anything, happens. Next, 
after the collodion bag or animal membrane has been immersed some 
time in the bottle of water, place a few drops of the silver nitrate 
solution in the bottle. Note what happens. 

Nore. —It is known by chemists that silver nitrate always pro- 
duces a white precipitate 1in a salt solution. 

1 Precipitate: a substance, usually a solid, separated from solution 
by chemical or physical change. 
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Observations: What happens to the liquid in the tube? Is there 
more liquid in the tube now than before? Where could it have 
come from? Hold the apparatus between you and strong light and 
carefully observe the liquid in the bottle just below the bag. What 
do you see? Istherea fiow 
of liquid out of the tube? Is 
there a flow of liquid into 
thetube? Give your proofs. 
What is the nature of the 
substance flowing into the 
bottle? Give your proof. 
In which direction is the 
flow the greater? How do 
you know? Lift the tube 
from the bottle of water. 
Wipe dry with cloth. Does 
it leak? Place back in 
bottle again. Does it leak? 
In how many directions? 
Does the flow become faster 
or slower as time passes? 

Norse. — This action of 
two liquids through a mem- 
brane which is ordinarily 
water tight is called osmosis 
(6s-mO’sis). But the two 
liquids acting through the 


membrane must be of dif- 
FicureE 255. — (K D 43. 
ferent densities. Which SEY) TPEMONST RATION 





liquid is the denser? In A, ring stand; B, height of liquid in tube ; 
whigt dicaevonis thegrenter C, fresh water; D, bottle; E, salt water 
in thistle tube (colored). 


flow? Suppose you ex- Be sure that you can see just what hap- 
change the places of the pens in this experiment and account for it. 
liquids, what would happen? Know the use of each part and see how 
Try it. Can you state a _ it compares with the parts of a plant. 
general law of osmosis? 

While your osmosis experiment is going on examine some fine 
roots of radish or flax seedlings. Note the white, bushy fringe. 
Place one under a microscope. Note the long, hairlike projections 
growing out from the root surface. These are root hairs. Their 
function is to absorb the film moisture from the particles of soil. 
Note the cell wall, the transparent, granular protoplasm, and the 
attachment of this cell to the main root. 
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Compare the collodion bag or membrane with the root hair. 
What in the plant corresponds to the bag? to the salt-water? to 
the fresh water? to the small end of the thistle tube? 

Conclusion: How does water get into a plant? Give proofs. 
Where does water get in? Do you suppose that any cell sap flows 
out? In which direction 
will be the greater flow? 
How do you know ? 

Practical Application: 
Table salt sprinkled on an 
asparagus bed kills the 
weeds. Why? Can you 
think of any reason why it 
will not kill the asparagus 
plants? This is a most 
important demonstration. 
Write it out in full in your 
Science Discovery Book. 


ACCC CECE 


= 
= 
S 
= 
= 
Ss 
IS 
S 


406. Root Hairs and 
Soil Water. — A careful 
‘ Soil Particles} eXamination of a small 
Epidermal Cells ‘an z 

Water Ducts Film Moisture] root of a seedling under 
the microscope will show 
FicurE 256.— Root Hairs. it to be made up of brick- 
Very small, yet very important. Why ? like units which you now 
How do they accomplish their work? Why knowarecells. But near 
are their walls so thin? What do you the end of dhairoctevou 

think they really are ? : : Mf 
will find growing out 
from the center of many of these cells a long, hairlike out- 
growth. This is part of an epidermis cell of the root and is 
the root hair, which is really a cell or at least a part of a cell 
(Fig. 256). The cell wall can be plainly seen, as can the 
lining of protoplasm just inside, and the cell sap occupying 
the whole center of the cell. SSomewhere in the cell a nucleus 
may be made out. Two things should be particularly re- 
membered. (1) The cell wall is so very’thin that soil water 
can soak through it, and (2) the root hairs are so numerous 
(480 of them have been counted on a root 34, of an inch in 
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diameter in a space z35 of an inch long) that they enor- 
mously increase the absorbing surface of the root (Key 
Picture 16). 

407. How the Root Hairs Work. — As water moves over 
the particles of soil it dissolves from them all of the solu- 
ble soil materials. Just as soon as this soil water solution 
comes into contact with the root hairs, osmosis begins, be- 
cause of the difference in density between the cell sap on one 
side of the cell wall and the soil water on the other side. 
Make up a definition of osmosis and see if it correctly ap- 
plies to the process going on in the apparatus of Demonstra- 
tion 43. 

408. How the Whole Plant Gets Water. — With the ab- 
sorption of water into the root hairs the problem of get- 
ting it to all parts of the plant is just begun. The whole 
root is a mass of tissues, each tissue having a special 
function. The epidermal tissue protects the root and ab- 
sorbs water, the corter tissue stores food and prevents 
evaporation of water, the central cylinder contains the ducts 
_ and stores food, while the ducts themselves carry air and 
water up and down the long axis of the root and connect 
with other ducts, in the stem, which extend up to the 
leaves. But all these tissues are composed of cells, with 
walls which have no openings. This means that liquids 
can pass from cell to cell only by osmosis and that the same 
laws that apply in the root hair must apply to every live 
cell in the root and in the whole plant. Study Figure 256. 
In this diagram, for the sake of illustration, the density of 
the soil water is marked 7 while that in cells A, Z, and X is 
marked 15. 

409. How Does Water Get Out of a Plant? — Most of 
the water coming into a plant gets out again. It passes out 
through the small pores (stomata) on the under side of the 
leaf. The process is called transpiration. There must, there- 
fore, be a continual stream of water passing out of the plant 
in order to leave a small amount of mineral in the plant. 
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There is but one part of mineral to each 400 parts of water. 
Minerals mean growth and thriftiness. 


Demonstration 44: Problem: Do plants give off excess water 
through their leaves ? 

Materials: An earthen pot; a small thrifty potted plant; two bell 
jars; rubber tissue; and some cord. 

Method: Tie the rubber tissue around the stem of the plant and 
over the top of the pot. Set the plant on a table in the sunlight and 
cover it with a bell jar. Observe after a half hour. Fill the empty 
pot with earth, cover it with the rubber tissue, and place it, like the 
other, under a bell jar. This second pot is the control.1_ Observe 
this jar after a half hour. 

Observations: What has happened? Where did the moisture in 
the first instance come from? What was the importance of the 
rubber tissue? How does the control help you in drawing your 
conclusion? 

Conclusion: Write out your conclusion in full. 

Practical Application: Why do clouds form easily over forested 
regions? Why isit cooler along a street where trees abound? Why 
is the air in a greenhouse always moist? This is important to 
the well-being of the plant. Knowing what you do about soil water, 
why do you think transpiration must go on most of the time, if the 
plant is to grow? Why do plants grow little during a drought? 
Why do they grow rapidly: just after a heavy rain? Write this 
demonstration in full in your Science Discovery Book. 


410. The Importance of Plant Stems. — Study the Key 
Picture and try to tell what some of the uses of stems are, 
after answering the questions. Though the principal use 
or function of a stem is to hold the leaf up to the light, it 
must perform other functions in order to connect the 
leaves with the roots. One of these special functions can be 
determined by setting a branch of celandine (or even celery 


1 A control is a part of an experiment used as a basis for compari- 
son, or a check on that part from which results are expected. In this 
experiment the pot containing earth is put in the same conditions as 
the potted plant. Only the plant is lacking. If something happens 
in the jar containing the potted plant and nothing occurs in the 
jar without the plant, you may conclude that the plant caused the 
difference in results. Can you see this? 
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will do) in some red ink over night. The ink will be found to 
have colored even the tips of the leaves red by morning. 
How did it get into the leaves? (Key Picture 16). 


5. Leaves as GREAT FACTORIES 


411. The Great Work of Plant Leaves. — The most con- 
spicuous part of your garden plants are their leaves. They 
have a most important work to do. You are looking upon a 
vast assemblage of fac- 
tories, each going at full 
speed from sunrise to 
sunset. A simple dem- 
onstration will show 
that this is true. 


(Key) Demonstration 45: 
Problem: When and where 
does a green plant make 
starch? 


Materials: A thrifty 
spotted geranium; a hy- 
drangea; wood alcohol; a om : 
beaker; a Bunsen burner; wooo ge 
an iron tripod; black felt . @ 
cloth or black opaque 
paper; and iodine solution [iz DD S 
(Fig. 257). FicurE 257.—(Key) DEMONSTRATION 465. 

Method: Cut several 
little squares of cloth and Be sure you understand the use of every 

. mo part of this apparatus, what the demonstra- 
chp them to both sides tion actually proves, and how and why it 
of one or more of the hy- proves it. 
drangea leaves and to the 
green parts of the spotted geranium. Place the plants with the cloth 
attached in direct sunlight from early morning until three or four 
P.M. Remove the cloth, cut off the leaves, and boil them in the alco- 
hol over the burner until all the green color has been driven out. 
Carefully and thoroughly wash the leaves in warm water and place 
them between pieces of blotting paper untilfairly dry. Put them in 
a strong solution of iodine for a few minutes (section 405). Remove 
them and place in blotting paper again or between two glass plates. 
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Observations: Do you find evidence of the presence of starch in 
any part of these leaves? Explain. In what part of the hy- 
drangea. leaves do you find no starch? in the spotted geranium? 
What prevented the making of starch in certain parts of the hy- 
drangea leaves? What is necessary for starchmaking? Did the cut- 
ting off of the light interfere with the starehmaking in the covered 
parts of the spotted geranium leaves? Can you see why no starch 
was made in the uncovered white parts of these leaves? What other 
condition is necessary in order that plants may make starch? 

Conclusion: When and where does a green plant make starch? 
Why were the plants placed in the sunlight in the early morn- 
ing and brought in late in the afternoon? Write a complete 
account of this demonstration in your Science Discovery Book. 


412. The Green Leaf, a Great Factory. — The substance 
which has much to do with starchmaking in the leaf can be 
dissolved out of the leaf by alcohol. It is called chlorophyl 
(k16’r6-fil) or leaf green. It is located in small bodies of pro- 
toplasm called chloroplasts, which move about in the cells of 
the leaf. These bodies, with the help of the sun’s energy, are 
able to combine water and carbon dioxide in such a way as 
to form new compounds which we know as starch and sugar 
(Fig. 258). 

-This process may be indicated by a formula as follows: 
Six molecules of carbon dioxide 6 (CO:) plus five molecules of 
water 5(H:O) equal one molecule of starch (CsH,O;) plus 
six molecules of oxygen 6(O.). You see that six molecules of 
oxygen are produced in the process. This is a by-product 
of the leaf factory. We breathe this pure oxygen. 

Think of it! The green leaves of the garden may absorb 
dirty water from the home and gases from smoking chimneys, 
giving you in return pure oxygen and delicious vegetables 
full of sugar and starch. The green leaf is a miracle fac- 
tory. Our lives depend upon green plants. Try to give 
a definition of your own of starchmaking. Scientists call 
the process photosynthesis ({6’t6-sin’thé-sis). 

413. How the Green Plant Affects the Atmosphere. — It 
is easy to show that green plants take in CO, and give off O. 
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Suggested Experiment. — Secure a small, thrifty potted hydran- 
gea or geranium plant; a bell jar; a smooth piece of heavy tin,! 
or better, the plate of an exhaust pump with electric connection 
terminals; vaseline; a candle; insulated copper wire; a shallow dish 
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Figure 258. —A Lear SECTION. 


Here are the real manufacturing rooms of the green plant. What is made 
here? By what is it made? from what? Show how the leaf is adapted for 


its work. 


1Tf the tin plate is used instead of the exhaust pump table, two 
very small holes should be drilled through the tin near one edge 
just large enough to allow the insulated wires to pass through. 
The wires should then be sealed in these holes by the use of melted 


paraffin. 
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(Syracuse watch glass) ; limewater ; a battery of dry cells ; one 2-inch 
length of fine chromium wire; and an electric button (Fig. 259). 
A. At the beginning of school on a sunny day, place the plant on 
the exhaust pump table. Attach two 6-inch lengths of the insulated 
wire to the upper terminals and connect them at their ends, 
by the use of about one inch of the fine chromium wire (see dia- 
gram). Place the candle under this connection so that its wick 
touches it. Place some limewater in the shallow dish, light the 
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= 
Switch 
FicuRE 259.— How PrLants HELP Purify THE ATMOSPHERE. 
Study this apparatus and see how it is used before attempting to use it. 


Then set it up as shown above and produce the results. What have you 
proved? Explain. 


candle, and place the bell jar over the whole apparatus (plant, lime- 
water, candle, connections). Seal the jar to the table with vaseline 
so that it is air tight. This can be done by smearing the bottom 
edge of the jar with the vaseline before putting it in place and by 
covering the plate also with a thin film of vaseline. Be sure to note 
the time when the jar is put in place. Watch carefully and note 
what happens to the candle and the limewater, Note how long the 
candle burns, 

B. Now connect the battery of dry cells with the lower terminals 
and with a switch. Leave the whole apparatus, with the switch 
open, until the close of school. At this time, noting the hour, close 
the cireuit of your electrical apparatus. This will cause the fine 


wire to become red hot, and it will light the candle again. Note how 
long the candle burns. 
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What made the candle burn at first? Howlong did the candle burn? 
What made it goout? What happened to thelimewater? Account 
for it. What gas now filled the jar? Was there any other sub- 
stance there? What took the place of the oxygen? How long 
did the candle burn the second time? What allowed it to burn? 
What had happened to the carbon dioxide (COz)? Where did the 
oxygen come from? Why did the candle burn longer the second 
time? 2 

How do green plants affect the air about them? Give your 
proofs. 

Are green plants a health asset ina living room? Wky are public 
parks valuable? Why are the mountains good for people who need 
fresh air or a change? Explain fully your answers. What is the 
importance of CO, to green leaves? 


414. The Green Leaf Compared to a Saw Mill. — The 
leaf is a factory and the chloroplasts are the machinery. If 
you compare the leaf to a.saw mill it will help you to re- 
member the essentials of the starchmaking process. 


1. Manufacturing plant. Leaf. Saw mill. 

2. Machinery. Chloroplasts. Saw. 

3. Power. Sunlight. Steam or water power. 
4. Raw materials. CO, and H,0. Logs. 

5. Finished product. Sugar and starch. Lumber. 

6. By-product. Oxygen. Sawdust and slabs. 


Now look at any garden and try to realize the enormous 
amount of work done each day by each of these factories. 
Then think of the amount of work done each day in your 
state, in the United States, or in the world from sunrise to 
sunset, work that goes on regardless of the whistle or the 
clock. 

Why is the corn crop always good during a hot summer? 
Why does California produce such an abundance of large 
fruits? 

415. Plants Make Other Foods.—Certain plants, such 
as the castor oil plant, make large amounts of oil. 
Since the same elements (carbon, oxygen, and hydrogen) 
are found in fats as in starch and sugar, it is believed 
that the protoplasm of the plant can turn sugars to fats. 
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These fats are used to protect the seeds from decay and 
also to release heat in oxidation. Proteins are made in the 
cells through the combining by the protoplasm of the elements 
in fats and sugar with the dissolved minerals (phosphorus, 
sulphur, nitrogen, and several others). These minerals are 
brought into the plant by the root hairs. Plants also make 
other substances (fruit acids, vitamins, etc.), valuable as foods. 

416. Green Plants “ Breathe.”? — Many people think that 
green plants ‘‘ breathe ” in carbon dioxide and give off oxygen 
in a manner just opposite to that in the breathing of animals. 
This is entirely wrong. Plants do take in carbon dioxide 
and give off oxygen, but not in respiration. This is done 
in photosynthesis. 


Suggested Experiment.— Place a few pea seedlings in a large- 
mouthed bottle, cork tightly, and set aside for some time. Now 
draw off some of the air in the bottle with a pipette and run this air 
through limewater. Note result. What are your conclusions? 
Explain fully. 


Why, then, does a plant need oxygen? For the same rea- 
son that you do, —to oxidize its tissues or food and release 
energy to carry on its life activities. The wastes of this 
process are carbon dioxide, water, and nitrogen wastes. Now 
note this remarkable fact. In starchmaking, the sun’s energy 
is preserved in the starch, sugar, and fats, in the form of 
stored energy. In “breathing” (respiration), oxygen causes 
these foods to burn and the stored energy becomes kinetic 
and work is done in growing or moving. With these facts 
in mind try to answer these questions: 


When are starchmaking and respiration carried on? 
Where can each process be carried on? 
What are the raw materials used in each process? 
Why is breathing so closely connected with oxidation? 
What is the useful product in starechmaking and oxidation? 
. Which process in question 5 builds up tissue and which tears 
down tissue? 
Write this out in full in your Science Discovery Book. 


CRO aaa 
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417. The Green Plant a Wonderful Engine. — Every cell 
in a green plant, then, may be calleda miniature engine. It 
is a live engine which absorbs certain raw materials, makes 
fuels from them, and then burns these fuels in the body of 
the plant. You cannot go into your back yard or garden and 
eat a part of your ash heap and live, but the plant can do it 
and from these ashes produce your daily oxygen; bread, meat, 
and potatoes. The green 
plant stands between 
you and death. Try to 
name one food which 
you eat which does not 
come either directly or 
indirectly from the 
plant. You can probably 
name none, with the pos- 
sible exception of salt. 

418. The Balanced 
Aquarium. — A beauti- 
ful example of the way 
the green plant is useful 
in keeping animals alive 

° What three factors make up this aqua- 
arma be seen in the bal- rium? Make acopy of this picture in your 
anced aquarium. Such _ Science Discovery Book and indicate by 
aquariums are found in 2!tows what substances pass between the 

living things here shown. 
many homes and prob- 
ably form a part of the equipment of your science room. 
Here the green plants give food to the fish and supply them 
with oxygen necessary to their life (Fig. 260). Explain. 

On the other hand, the animals contribute very materially 
to the life of the plants. The fish in “breathing”’ uses oxygen 
and gives off CO, just as the plant does, but in much larger 
quantities because it is active. This the plant needs. Why? 
The fish also gives off liquid wastes which contain nitrogen 
compounds also needed by the plant. Explain this state- 
ment. Both plants and animals live together very happily. 





FicurE 260.— THE BALANCED AQUARIUM. 
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FicuRE 261.— THE CARBON-OXYGEN CYCLE. 


Compare this diagram with what goes on in the balanced aquarium. Start 
at any point and follow round the circles, telling what each step means as 
you proceed. 


The water never needs to be changed. Why? More water 
must be added now and then. 
Why? Neither plants nor fish 
need to be fed. Why? This, 
aquarium may be sealed and the 
fish still live. Explain. 

It may be added that what 
goes on in the small aquarium 
also occurs in a larger way in the 
world about us. We depend 
upon the plants. They depend 
upon animal products. A farmer 
once said that if he were depend- 
ent for his living upon a few 
hives of bees, a good orchard of 
apple trees, a few cows, and a 
good garden, he could live. 
Explain fully his statement and 
prove or disprove its truth 

One of many insect pests in (Fig. 261). 
the garden. How can this in- 419. Green Plants and the 
sect best be controlled ? Work of the World. — No human 





FicuRE 262. —THE PoTATo 
BEETLE. 
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work can be done without plants. Our great manufactur- 
ing centers, such as New York and Pittsburgh, are possible 
only because of the green vegetables, fruits, and cereals 
produced by green leaves in the truck gardens, orchards, and 





American Museum of Natural History. 
FicureE 263.— Some Common BIrDs. 


Try to learn the name of each. By reading the bird diet chart find out 
the food of some of these birds. Which do you think the most valuable to 
man? Why? Which one is not protected by law? Why? 


farms of the country. Men eat these foods, release energy 
from them, and with this energy do work in our great fac- 
tories. It is now believed that the home garden was one of 
the important factors in the winning of the World War. 
Can you explain this? 


6. THE PROTECTION OF GREEN PLANTS 


420. Man’s Allies.— Probably the most valuable helpers 
of man in the garden are the birds. The robins, bluebirds, 
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of nature, that he may spare and protect the organisms 
which help him in growing and preserving his foods, by de- 
stroying or keeping in check other organisms which destroy 
those foods. In some cases this balance has been kept in a 
perfect condition; in others it has been lost with disaster to 
man. 

In the years to come the feeding of the multitudes in our 
great manufacturing centers will be possible only by a most 
careful study of the intimate relations between green plants 
and the soil, air, and water ; by the proper use of organic soil 
ingredients ; and by the control of plant enemies through a 
more effective use of man’s natural allies. 


SUMMARY 


Green plants manufacture food for man from soil water and air. 
Soil is largely composed of pulverized rock and organic matter, 
brought to this condition by the process of weathering. 

When properly cultivated, soils allow the entrance of water and 
air and hold them for a long time. Seeds placed in such soils begin 
to grow or germinate. The young plant or embryo in the seed breaks 
ground and the sleeping plant develops roots, stems, and leaves. It 
grows and does work. 

-To grow, the young plant must have soil minerals. To get these 
into the plant tiny root hairs absorb dissolved minerals by the pro- 
cess of osmosis. The stem carries these dissolved minerals up to the 
leaves where they are used in making foods. 

The green leaves manufacture starch from carbon dioxide and water 
and give off the excess oxygen so necessary to animals. They also 
give off water in the process of transpiration. Plants need oxy- 
gen just as animals do and they make fats and proteins from sugars 
and soil minerals. 

Insect pests, disease, and weeds continually fight plants useful to 
man. All these should be killed. On the other hand, there are 
insects and birds which are of great value to man. We should pro- 
tect these latter animals and encourage them to visit us by offering 
them food, building bird houses, and passing laws to protect them 
from destruction by the cruel and thoughtless. 

The whole world is interdependent and nature strikes a balance 
between living things. Man has disturbed some of these balances. 
He should restore those which help provide his food supply. 
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Remember that : 


1. Green plants can be grown because there is a layer of soil over 
the surface of the earth. 

2. Soil cultivation is absolutely necessary for proper plant growth. 

3. Green plants are the greatest factories in the world. 

4. Plant growth is sometimes greatly aided and sometimes re- 
tarded by weather conditions and by plant friends and enemies in 
the shape of animals and other plants. 

5. Green plants make animal life possible — they make the min- 
eral kingdom into food for the animal kingdom — they stand be- 
tween the animals and starvation. 


THOUGHT QUESTIONS 


1. Why does a tree have a trunk and branches? Do these parts 
do work? 

2. Name ten very important food plants. Which of these are 
used mostly to keep animals alive? Which are used mostly by 
man? Are there any plants used as food by both man and lower 
animals? Are such plants used in the same way by both man and 
animals? 

3. Show how you lift a book by the energy of the sun. 

4. Acatlikes meat. If it ate meat alone, would it bein any way 
dependent upon plants? Explain. 

5. Plants are said to be good for living rooms, but bad for 
sleeping rooms. Explain. 

6. Some plants will badly wilt by noon on a hot day in summer, 
but the next morning will be standing straight up in a fresh condi- 
tion. Explain. 

7. Why can weeds be killed by sprinkling the ground about them 
with salt? 

8. Why are city parks often called “‘ breathing places’’? Why 
are they healthful? 

9. How do plants directly affect the farmer, the carpenter, the 
tailor, the shoemaker, the physician, the druggist, yourself? 

10. Prunes and raisins swell up when placed in water. Why? 
11. If soaked prunes are placed in salt water, they shrink. Why? 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Bailey. Manual of Gardening. The Macmillan Co. 
Barnes. House Plants. Doubleday, Page and Co. 
Bennet. The Vegetable Garden. Doubleday, Page and Co. 
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Cole. Rocks and Their Origin. The Macmillan Co. 

Craigin. Our Insect Friends and Foes. G. P. Putnam’s Sons. 

Dugmore. Bird Houses. Doubleday, Page and Co. 

Dixon. The Human Side of Plants. F. A. Stokes Co. 

Duncan. Home Vegetables and Home Fruits. Charles Scribner’s 
Sons. 

Elliott. Romance of Plant Life. J.B. Lippincott Co. 

Hawkesworth. The Adventures of a Grain of Dust. Charles Scrib- 
ner’s Sons. 3 

Herrick. Insects of Economie Importance. The Macmillan Co. 

Kellogg. Insect Stories. D. Appleton and Co. 

King. The Soil. The Macmillan Co. 

Moore and Halligan. Plant Production. American Book Co. 

Rockwell, Around the Yearinthe Garden. The Macmillan Co. 
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CHAPTER XVII 


THE WORK OF SOLAR ENERGY AND ENVIRONMENTAL 
FACTORS IN AGRICULTURE 


Heroes who conquered many a field 
Of hard and sterile soil— 
Who made the sturdy forest yield 
To unremitting toil; 
Heroes who did not idly stand, 
But dealt such fearful blows 
That acres, broad, of worthless land 
Now blossom like the rose. 
— Heroes of Industry: G.P.R. 


Had there been no soil, had the rocks not decayed, there had been no 
you and me. —John Burroughs. 


Why is farming so important to you? Suppose that all 
farmers went on strike; what would happen? What do 
you know. about farming? Farming was no easy task in © 
the pioneer days in this country. Why? It is not very 
easy now. Why? Do you know of any important prob- 
lem which the present-day farmer has to solve? Why 


do many farmers put fertilizers in the soil? How do 
farmers increase their crops? How do they farm in 
the dry areas of the West? In the swamp lands of the 
South? What are some enemies of the farmer? What 
are some friends? Why is agriculture the most important 
industry ? 





Some Practical Questions : 
1. What farms in your neighborhood are the most valuable? 


Why? 


J 
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2. Why is the farmer the most independent man in a community ? 

3. Tell-what would happen in this country if all farmers went 
on strike. 

4. Make a list of all the industries of which you can think which 
depend in any way upon the farm. 

5. Why is farm work considered hard? What is being done 
now to make it less difficult ? 

Home Problem. — If you live on or near a farm, find out from 
some one who has had the experience, or write out from your own 
experience, the complete history of any one crop grown on it. 

Field Problem. — While on a trip or a walk through the country 
compare farms, determine the best, and give your explanations of 
the cause of the differences between the farms observed. 











FiGuRE 265.— NATIvE PLowinc In Ecypt. 


Note the crudeness of this plow, — two sticks fastened together. Yet it breaks 
up the soil, —a necessary process in growing crops. Explain. 


1. How Primitive Men Sscurep Foop 


422. Soil and Life. — The whole surface of the earth is a 
solid mass or crust of rock ; more than half of it is oxygen and 
the rest silicon and other elements. The soil as we know it is 
the merest film of pulverized rock spread very unevenly over 
the surface of this solid rock. But in this soil film is life. 
Explain. 
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423. Man and the Soil.— The greatest need of both 
savage and civilized man is that of food, for both 
are machines and need fuel to release energy in order 
to do work. Explain. Consequently there was a terrific 










FicurRE 266.—THE MopERN PLow oN THE Bic FARM. 
Explain its great advantages. What is the source of energy here? 


truggle for existence among early men and the result 
was the change from savagery through barbarism into civil- 
ization. a 

424. Tilling of the Soil by Early Man. — There is very 
good evidence that primitive man used the crudest kind of 
tools, few in number and variety. By means of them the soil 
was turned, cultivated, and harrowed. Crude rakes, shovels, 
axes, knives, hoes, and sickles were all very gradually de- 
veloped as modifications of the inclined plane. Land was 
cleared by fire and the lever removed stones, stumps, and 
roots. Now the modern farmer uses the power tractor to 
do much of his work (Fig. 266). Yet there are more than 
20,000,000 horses still working for man on the more than 
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6,000,000 farms of this country in the production of food for 
the nation (Fig. 267). 

425. Early Methods of Producing Foods. — During all 
the centuries of early human history, plowing was done with 
oxen by the use of a wooden plow with an iron shoe. Sowing 
of seed was done by hand. 

The harvesting of the crops was still more laborious. It 
was done with a small sickle, a crescent-shaped implement 





FicurRE 267.— THE Common PLow. 


Much small farm plowing is done this way to-day. How is this plow an 
improvement over that shown in Figure 265? What is the source of 
energy here ? 


with a sharp edge. The invention of the scythe gave man a 
tool which could do 20 times the work of the sickle. Next 
came the cradle, a scythe with two or three wooden prongs 
set parallel to it and above it (Fig. 268). From the field the 
grain was carried in wagons to the threshing floor, where the 
grain kernels were beaten out by the flail.!. This grain was 
then placed in bags and carted to the nearest mill to be 
ground into flour or meal. ~ 


1Flail: an instrument made of two sticks of unequal length 


_ loosely fastened together at their ends with leather. This was used 





_ to pound out the grain on the barn floor (Fig. 268). 
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2. Present-Day AGRICULTURE 


426. Agriculture in the United States. — Up to the year 
1850 the great migrations of land seekers ended at the western 





A Sickle 





A Flail ,° ACradle 





Ficure 268.— Some Earty HARVESTING 
Toots. 


Each of the above harvesting tools de- 
F pended upon the muscles in the arms 
A Hay Rake of men for its proper use. 


borders of the extremely fertile Mississippi River basin. 
Covered with alluvial deposits, this basin produced all the 
common food crops in enormous quantities. Here is the 
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region of greatest productiveness. Here is the most com- 
plex network of railroads. Here is a very thrifty and pros- 
perous agricultural population, sound, wholesome, and fully 
American. [Study Plate IV (Key Picture 17).] 

427. Two New Agriculture Problems. — The increased 
population of the country made agriculture on a large scale 





Ewing Galloway 
FiGURE 269.—A CoMBINED REAPER, THRESHER, AND BAGGER. 


Some improvement over cradle and flail! Horse-drawn harvesters are 
superior to tractors in the hilly country of the Far West. 


necessary. Thus, the nineteenth century was marked by 
great improvements of agricultural machinery. 

A second factor of importance was the gradual wearing out 
of the soil in the east through continuous cultivation. This 
produced the abandoned farm, and was a factor in causing 
the westward migrations. To-day the agriculturist must 
have considerable knowledge of soils, fertilizers, drainage, 


Ss 
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aération, and the like, to which the early farmer never gave 
a thought. 

428. Harvesting the Crops. — It is a big jump from the 
cradle to the reaper, binder, and thresher in less than one 
hundred years. In 1834 Cyrus McCormick patented the 
mowing machine. In 1873 the self-binder appeared. This 
did the work of binding the grain into bundles as well as 





FicuRE 270. — EROSION. 


How farmers lose their land. How does erosion affect crops? How may 
it be stopped ? 


cutting the grain and then dropped these bundles at regular 
intervals so as to be easily loaded into wagons. A few years 
later the combined harvester and thresher appeared. This 
machine was drawn in the field by many horses. It cut 
the wheat, bound it into bundles, threshed the grain, put it 
in sacks, and tied them up ready for the mill or elevator. 
429. Loss of Soil Fertility. — Experiments and observa- 
tions have shown that the principal causes of the loss of soil 
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fertility are: (1) The soil may cease to hold water properly ; 
(2) it may cease to grow bacteria properly; (3) it may lose 
its organic matter, largely by erosion (Fig. 270) ; (4) the 
nitrogen may be leached or washed out by rain ; (5) the plant 
food may be used up by growing too much of one kind 
of crop. 

3. Merruops oF INCREASING CROPS 


430. Methods of Renewing Soil Fertility. — Soils may be 
renewed in several ways as follows: (1) Mixing prepared 








FicurE 271.— THE MoHAwK VALLEY IN NEw YORK. 


One of the most fertile river bottoms in the world, Explain. 


fertilizers and manures with the soil; (2) planting to clover 
or alfalfa; (3) allowing the land to lay fallow or idle for a few 
seasons; (4) inoculation of the soil with bacteria; and 
(5) the rotation of crops. 

Fertilizers contain nearly all the essentials for plant 
growth, but the rich soil in some of our agricultural regions 
makes their use unnecessary (Fig. 271). However, in 1919 
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more than $100,000,000 was spent on fertilizers. In all 
fertilizers there are varying amounts of nitrogen (N), phos- 
phorus (P), potassium (pé-tas’i-im) (K), calcium (k&l’si-zim) 
(Ca), sodium (sd’di-im) (Na), and sulphur (S)._ Every one 
of these elements is needed by plants to build tissue and 
earry on their life functions. 

431. Effects of Fertilizers upon Plant Growth. — In 
general, nitrogen produces much foliage in’ plants, while 





Do you see a difference in plant growth here? Commercial fertilizer made 
the difference. Explain. 


potash produces many seeds. Phosphorus seems to be neces- 
sary to the proper growth of corn. Wheat will not thrive 
unless calcium is in the soil and all plants must have some 
calcium in order to absorb other minerals from the soil. 
Thus, of all the fertilizers, calcium can least be spared. Sul- 
phur goes to the making of new tissues. For the best all- 
round results barnyard manure is good. Its value in the 
United States in one year is estimated, at $2,353,000,000. It 
increases the average yield an acre in the country by 
more than $3 each year. How much would this be for the 


whole country? (Fig. 272.) 
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432. Rotation of Crops. — A famous German chemist, von 
Liebig, proved that plants differ in the kinds of soil elements 
which they require for their growth. It is plain, then, that 
too many crops of one kind on a given field may use up the 
soil elements which the crop needs for its growth. To avoid 
this, the wise farmer rotates his crops. Crop rotation 1s the 
changing for a given time of the kind of crop grown on a given 
field. Rotations vary in duration (usually from one to five 
years) according to the crops planted. Such rotations 
(1) give an added return, (2) prevent the total loss of any 
of the important soil ingredients, (3) help to control the 
weeds, fungi, and insects, (4) keep up the humus supply, 
(5) save labor, (6) systematize farming, and (7) finally re- 
move poisonous ingredients from the soil. Explain each 
of the above good points of crop rotation. 


An experiment in England showed that when wheat was sowed 
continuously upon the same plot of ground for twelve years the 
average yield was 12.2 bushels an acre. (But when a four-year 
crop rotation was followed on the same piece of ground, the average 
yield an acre was 28.6 bushels. In barley, twelve years without 
rotation produced 17.35 bushels an acre. Rotation of crops cover- 
ing twelve years yielded 29.60 bushels an acre. Five-year rotations 
are approved by the best agriculturists. For example, a good 
rotation is the planting of corn, oats, wheat, grass, alfalfa and then 
corn again. If one-third of a farm is under rotation, say to corn, 
oats, wheat, clover, and timothy, this one-third will produce a 
greater crop than the other two-thirds without rotation. The in- 
creased value of farms under rotation, to say nothing of the increased 
returns from the crops on such farms, can hardly be estimated. 


4. Puttinc New Lanps To Work 


433. New Land Problems. — The farmers of the West 
have long tried to push on into the dry lands of western 
Nebraska, Kansas, and Iowa, hoping to escape competition 
with their fellows, but they have faced a great obstacle in 
the lack of water. Can you explain this? To get a living 
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out of the soil was a hard task. Some have been successful, 
however, by the use of a special and interesting process. 
434. Dry Farming. — It often happens that no rain falls 
in the western Nebraska region during the summer, for two 
successive years. Plants must have water. During the 
winter, deep snow covers to great depths this section of the 
country. In the spring it sinks into the soils. At once the 
farmer puts in his crops and begins to cultivate the soil to 





U.S. Dept. of Agriculiure. 
Ficure 273A. — ORCHARD IRRIGATION. 


Why are the ditches far apart here? Why are they dug for a considerable 
distance on each side of the trees ? 


form a mulch on its surface. He continually breaks up the 
capillary spaces through the soil and so prevents the evap- 
oration of water. Thus otherwise waste acres aré brought 
under cultivation, principally in growing alfalfa, by the 
process of dry farming. Why is it given this name? 

435. Reclamation Projects. — (1) Irrigation. One excel- 
lent example of irrigation dams is the Roosevelt Dam 
on the Salt River, a tributary of the Gila (hé/la) River, 
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which flows in turn into the Colorado River. All this region 
is a desert. A few stunted mesquite and cactus plants, with 
now and then a jack rabbit or a rattlesnake, are the only 
signs of life in these vast areas. But this desert soil is ex- 
tremely rich in the minerals necessary for good plant growth. 
Why could not plants grow there? Explain. By damming 
small streams far back from the area to be watered, enough 
water could be stored to be distributed in ditches for hun- 
dreds of square miles. This would give life to plants 
(Figs. 273a and 273b). 





FIGURE 2738. —IRRIGATION OF Crop LANDs. 


Why are ditches dug between the rows? Where does this water come 
from? Where and why is this method used ? 


The Roosevelt Dam was built and the city of Phoenix 
(fé’/niks), Arizona, nearly 100 miles away, has become a 
great fruit center because of this work. The desert here 
blossoms like a rose. Egyptian cotton, tropical fruits, po- 
tatoes, apples, peaches, olives, and garden vegetables grow 
with great luxuriance with the thermometer 110 or more 
in the shade. Other great irrigation projects are on the way 
in other parts of the Great American Desert (Fig. 273c). 
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The practical value of this work is seen in the article which 
follows. 
NEW HOMES FOR 3,000,000 IN 
BIGGEST IRRIGATION PROJECT 
HARNESSING THE COLORADO RIVER 


Will Open Vast Waste for Farming and New 
Industries 
Annual Floods to End 

Three sites for big dams are already 
selected. These will develop’ 1,700,000 
horse power. Their waters will tap 69,000 
square miles and will irrigate 1,000,000 acres 
of land. 

— New York Times, Jan. 21, 1923. 


(2) Swamp Reclamation. In Florida, Louisiana, and other 
southern states, the land is extremely rich, but it is largely 
under water or water soaked. Here we have the other ex- 
treme. Absence of water will prevent plant growth. Too 








FicurRE 273c.— AN IRRIGATION DAM. 


The Elephant Butte Dam, —the largest-of its kind in the world. This dam 
makes millions of desert acres fertile. Explain, 
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FIGURE 274.— DRAINING SwAMPS IN FLORIDA. 
Name several advantages gained by this method. 


much water will do the same thing. 


Why? Instead of irri- 


gation ditches, drainage ditches are dug. These drain off 





U.S. Dept. of Agriculture. 
FicuRE 275.— WHEAT IN BUNDLES READY 
TO BE THRESHED, 


How will this work be done ? 


the excess water and 
allow the air to enter the 
soil. Warm air dries 
the soil, changing the 
soil’s sour nature and 
thus permitting plant life 
to thrive (Fig. 274). 


5. How tHe WoriLp 
Is Frp 


436. Some Important 
Crops. — The most valu- 
able single plant in the 
world is wheat. Explain. 
The second is the potato 
and the third is corn. 
In amount, the corn 
crop exceeds all others. 
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lf the corn crop of a recent year were placed in wagons, 
50 bushels to a load, and each team (horses and wagons) 
were 20 feet long, this train of wagons would reach nine 
times around the world at the equator. (For amounts and 
values of our annual crops study any recent annual report 
of the U. S. Department of Agriculture.) 

437. Some Uses of Corn. — This grain is mostly used as 
fodder for animals. Much corn is also used as human food 





U.S. Dept. of Agriculture. 
FicuRE 276. —COoRN IN THE SHOCK. 


What conditions of environment will make such corn possible ? 


in the form of corn meal, corn flakes, corn bread, ete. Corn 
syrup is used in candy manufacture. Corn oil is used in 
cooking. Alcohol is made from corn. The corn stalks are 
made into paper and wall board. The pith is used in high 
explosives and in the water-tight compartments in the hulls 
of ships. 

438. Other Crops. — Oats, food for man and beast; hay, 
a fodder for all animals; cotton, the most important 
crop of the Southern states, and fruits produced in almost 
every part of the country add greatly to the wealth of 
the nation. 
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SOME PRODUCTS OF A TYPICAL PLANT 






(Cotton) 











Wadding 
Batting 
Stuffing materials for cushions, upholstery, 

horse collars, pads, etc. 

Staple Absorbent cotton 

for Bett : 

Artificial leather 

Yarns — candle and lamp wick, twine, rope, 
carpets 

Cellulose — artificial silk, writing paper, toilet 

articles, explosives 


Feed 
| Fertilizer 












Hulls 


for Paper stock 


Household utensils 
Fiber for explosives 


Cake , Dyestuffs 






and | Fertilizer 
meal 4 Feed for cattle, poultry, swine, horses 
Cotton for Food — candy, flour: bread, cake, crackers 


seed 


Lard compound 
Stearin 
Butter oil 
Yellow oil { Salad oil 
Butterine 
Cooking oil 
Packing sardines 
Candles 
Olive liquor 
Cosmetics 
Lubricating oil 
Putty mixer 
Paints 
Tempering tools 


Soap 
Washing powder 
Soap | Glycerol 
stock ) Roofing tar 
Paint 
Dyestuffs 
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6. PRoTEecTION oF FarM Crops 


439. Enemies of Farm Crops. — Insects, weeds, and disease 
are the chief enemies of our crops. Insects alone destroy, 
on the average, about $1,000,000,000 worth each year. 

Plant diseases are numerous and hard to control. Fungus 
plants produce spores which grow thread-like masses called 








FicuRE 277A. — SPRAYING FRuIT TREES. 


Why is such a process necessary? It must be done three times each season 
—once as the buds are about to open — once when the flowers are fertilized and 
the petals have fallen — once when the young fruit is formed. Explain. 


mycelia (mi-sé’li-a). These cling to the cultivated plant and 
drive sucking threads or haustoria (hés-td’ri-4) into the plant 
tissues, absorbing the sap and killing the plant. Potato 
scab, corn and oat smut, and wheat rust are all fungi. 
Bordeaux mixture sprayed upon potatoes will destroy the 
potato blight (Figs. 277a and 277b). 

Grasshoppers, army worms, tent caterpillars, codling 
moths, boll weevils, and San Jose (sin hé-sa’) scale destroy 
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our crops. Their control depends upon (1) a knowledge of 
their life history ; (2) knowing their natural food; (8) their 
natural enemies; and (4) what poison to give them. Lime 
sulphur used several times during a season destroys the cod- 
ling moth caterpillar. Rotation of crops outwits the corn 





FIGURE 2778. — SPRAYING TREES BY THE WHOLESALE, 
What is the advantage of this method? What is the disadvantage ? 


worm. Paris green kills off the potato beetle, while plant 
lice can be best controlled by use of an oil emulsion. 

440. A Crop Summary. — The total value of the garden 
products and farm crops of a recent year was $16,025,000,000, 
enough to pay off at once three-fifths of our national 
debt. 

But the live stock fed by these crops was valued at $8,957,- 
000,000 more, making a grand total value of all products of 
the soil in the United States of over $24,000,000,000, enough 
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to pay off our present national debt at one payment. [Study 
Plate IV (Key Picture 17).] 

441. Agriculture and the Work of the World. — It is 
easily seen that agriculture is the leading and basic industry 
in the United States to-day. The preparation of the soil 
and the raising of crops and animals require a great amount of 
labor. The transference of crops and of animals and animal 
products is the chief source of revenue of the railroads of the 
country. The railroads make manufacturing industry possi- 
ble. Food feeds the nation and gives it strength to work in 
shop, office, and factory. The very work of the world is 
dependent upon the soil. To know this and to appreciate 
it is worth the thought of everyone. 


SUMMARY 


Man’s early existence in the world was very hard because of his 
great struggle to get food. With the development of his first crude 
tools he learned to stir up the soil and grow plants. For untold 
centuries the tilling of the soil has been the fundamental industry of 
man because the world must eat. Up to the middle of the 19th 
century, however, the sickle was used about as it was 2000 years ago. 

In the United States agriculture (tilling of the fields) developed 
rapidly, because of the richness of the soil and the energy of the 
early settlers. Early migrations into the Mississippi Valley devel- 
oped a great central agricultural area which to-day is the granary of 
the world. Successive migrations developed special areas for special 
crops adapted to those areas, as the fruits of California and Florida 
or the wheat of Minnesota and the Dakotas. 

The farming of the great western plains is now carried on upon a 
gigantic scale with the use of gang plows and tractors, seeders and 
drills, reapers and binders, threshers and bagging machines — all of 
which do the work of thousands of men and make the feeding of 
our increasing population possible. 

At the same time scientific experiments have shown the necessity 
and means by which the soil may be renewed, principally by the use 
of fertilizers, clover planting, crop rotation, bacterial inoculation, ete. 

To increase the amount of land under cultivation, great water proj- 
ects have been developed in the west to store water and then dis- 
tribute it in irrigation ditches to arid areas which are rich in plant 
food but which lack water to make this food available for plant 
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growth. On the other hand, swamp lands in the south, rich in 
plant food, but lacking oxygen, are being drained and planted to 
fruits and other crops. Both schemes are adding thousands of 
acres to our sum total of tillable land every year. Finally, in the 
far edge of the central states where little irrigation is possible, and 
where long drouths are common, dry farming is being carried on to 
advantage, thus keeping water in the soil. 

The important farm crops all over the country are corn, which 
leads all others in the number of bushels grown, wheat, oats, hay, 
cotton, and fruits. All these products are yearly attacked and 
destroyed by insects, diseases, weeds, ete. to the amount of over 
$1,000,000,000. Agriculture is the greatest industry in the world 
because it feeds men the world over and work cannot be done with- 
out food. 


Remember that : 


1. The earliest industry was the securing of food. 

2. The early growth of the United States was due to the seeking 
of fertile soil for growing crops in the West. 

3. Agriculture on a large scale began when improved farm ma- 
chinery was produced. 

4. Modern farming depends for its success upon a thorough 
knowledge of the best methods of soil improvement and crop con- 
trol. 

5. The wealth of this country depends primarily upon its soil. 
Its future prosperity will depend on how well the land is cultivated 
and how much of our swamps and desert land is reclaimed and 
put under intensive cultivation. 


THOUGHT QUESTIONS 


1. Why cannot one grow a plant in a pail of water? 

2. Why is it sometimes better to feed farm crops to animals 
than sell them? 

3. What effect does harrowing have upon the volume of air in 
the soil? 

4. Name three ways in which legumes (beans, peas, etc.) bene- 
fit the farmer. 

5. Why are young plants cut back when they are transplanted? 

6. Mention three important ways of restoring fertility to the 
soil. 

7. In farming, it is most important to keep down the weeds. 
Explain. 
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8. Some one has said that thorough tilling is as good as the use 
of manures and fertilizers. Explain. 
9. Give at least two reasons why the greatest corn crops are pro- 
duced in the Middle West. 
10. Give reasons why the greatest meat-packing centers are in 
the city of Chicago. 
11. Develop five good arguments for the conservation of our 
state and national forests. 


‘SPECIAL PROBLEMS 


1. Determine what ordinary soil requires to cause beans and corn 
to grow best. 

a. If possible, prepare seven plots of soil each 2 X 4 feet. Secure 
1 lb. of Sodium Nitrate. Call this A. Secure 2 lb. of Acid Phos- 
phate. Call this B. Procure 1 lb. of Potassium Sulphate and 1 lb. 
of Lime. Call these C and D respectively. 

b. In Plot 1 place no fertilizer; in Plot 2 put in a teaspoonful of 
A and B; in Plot 3 put in a teaspoonful of B and C; in Plot 4 put 
in a teaspoonful of A, B, C, D; in Plot 5 put in same amounts of A 
and C; in Plot 6 putin same amounts of A, B and C, and in Plot 7 
put in same amounts of A and D. 

c. Plant in each plot 50 pea seeds and 50 corn kernels. Compare 
crops in each plot to decide what fertilizer is most needed by the 
corn and peas in this soil, what combination of fertilizers is the best 
to grow these crops and what particular effect lime has on any crop. 

2. Keep a record of the planting dates, dates of the first appear- 
ance of the seedlings, the first appearance of the flowers, the matur- 
ing of the fruits, the harvesting date, the yield, the cost of a given 
crop, the receipts and the profits on this crop. 

3. Make a detailed study of the life histories of three typical 
farm crops (corn, wheat, potatoes). 

4. Study the life history and the best methods of exterminating 
three typical insect pests on the farm (squash bug, corn borer, cod- 


ling moth.) 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Austen. Electricity on the Farm. The Macmillan Co. 

' Burkett, Stevens, and Hill. Agriculture for Beginners. Ginn 
and Co, 

Burns. Stories of Great Inventions. Harper and Bros. 

Chamberlain. How We are Fed. The Macmillan Co. 
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Carpenter. . How the World is Fed. American Book Co. 

Carrier. The Beginning of Agriculture in the United States. 
McGraw. 

Davis. Productive Plant Husbandry. J.B. Lippincott Co. 

Davis. Productive Farming. J.B. Lippincott Co. 

Gowin and Wheatley. Occupations. Ginn and Co. 

Hall. Three Acres and Liberty. The Macmillan Co. 

McMahon. Success in the Suburbs. G. P. Putnam’s Sons. 

Martin. Botany with Agricultural Applications. Wiley. 

Price. The Land We Live In. Small, Maynard, and Co. 

Rochelau. Great American Industries. A. Flanagan Co. 

Rogers. Trees Worth Knowing. Doubleday, Page and Co. 

Spellman. Farm Science. World Book Co. 

Youmans. Pioneers of Science in America. D. Appleton and Co. 


PART VI 


Of all monarchs, Nature is the most just in enactment of laws 
— and the most rigorous in punishing the violation of them. 
— Wilkins. 
THE WORK AND CARE OF THE HUMAN 
BODY 


From earliest times man was the principal source of 
energy in doing the work necessary to satisfy his needs 
of food and shelter. This work he did with his hands and 
by “ the sweat of his brow.”’ He struggled to get food to 
give him energy to do more work. He built a shelter 
and clothed his body to protect it so that it could work 
better and with less danger of being damaged by the ele- 
ments. Man’s body was an engine. It was the source 
of all power for all the early labors of man. To-day it 
controls the forces of nature that do work for us on a 
vast scale. 

Food is fuel to the human engine. The source of this 
food is the green plant or the animal that feeds on the 
green plant. The human body is an ingenious machine 
for the using of food and the releasing of its stored energy 
in the form of bodily work. It is important that we know 
something about the structure and working of this won- 
derful engine. Engines must use the best fuel if they 
are to do the best work. It is, therefore, well to know 
what to feed the human engine and how to feed it. 

Finally, the engineer of this body is the brain and nerv- 
ous system. A good engineer must be trained. So must 
the nervous system be trained through the formation of 
good habits. Good habits conserve life, through the 
avoidance of risks and dangers, and build character and 
success. In Part VI you will discover how your body is 
fed, run, and controlled. 
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What Your Body Is Made Of 


‘The Story Told 


in Pictures 


ECE . ‘ em ay 
Rl Te ‘ta i Hit 


The Same Story in 


Percentages 


This picture illustrates 
what you would get 
if you analyzed the 
"contents" of an 
average man. These 
chemical constituents 
of the normal human 

dy have a_ market 
value ofabout 98 cents! 

e column below 
shows the percentages 
by weight of the ele- 
ments making up the 
various tissues, while 
on the opposite side 
of the picture are 
shown the normal 
quantities of each sub- 
stance. Note that the 
body is mostly com- 
posed of water. 
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Equivalent 
to 1/10 of one 


ron isane bus ZL” Besides the above elements the 


: = dy contains minute quantities 
and about 10 oz. of other of salt, au ar, potassium, iron, 
elements, including potassium, sulphur, io ine, magnesium, and 
flacune)aulphurkand snaenesiun _ fluorine, totaling a fraction over 

four tenths of one per cent. 





Popular Science Monthly. 
Key Picture 18. 
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CHAPTER XVIII 


FOODS AS FUEL FOR THE HUMAN ENGINE 


Every ounce of food, every physiological process, every mechanical 
action, tn short, every bit of work is a transformed sunbeam. — Wood. 


Do you know that your body is an engine? Give some 
reasons for so regarding your body. Do you know that 
the food you eat is a fuel? It makes you warm. You 
know that wood and coal give different amounts of heat 
when burned. So foods are of different values to the 
human engine. .Do you know, then, how to buy fuel 
for your body? What do you know about a balanced 


diet? Did you ever hear of a mixed diet? You cer- 
tainly have heard of vitamins. Every breakfast food 
now boasts of them. Does it make any difference to 
you how your mother prepares ‘your food for you? 
What do you think pure foods are? What do you think | 
adulterated foods are? Do you think alcohol a good 
thing to leave alone? Why? 





Some Practical Questions : 

1. Why is your body called an engine? 

2. Make a list of the different foods you eat during one day. 
Determine the plant or animal from which each food came and report 
it to your class. 

3.. Were the foods you ate yesterday raw or cooked? If you 
used cooked foods, find out how they were put into proper form 
for eating (boiled, fried, broiled, baked, or stewed). 

4. What has the sun to do with your dinner? Does the weather 
in any way affect what you have for breakfast? Do the movements 
of the earth determine what you have for lunch? 

531 


532 Foods as Fuel for the Human Engine 


5. Make a list of ten raw foods, ten manufactured foods, and ten 
foods prepared in your own home. Tell how each is prepared for 
your use. 

6. Show how your city or state food regulations are more impor- 
tant than weight regulations of fuels. 

Home Problem. — Makea list of the foods on your table at dinner 
to-night. Find out the source of each kind on the table, where each 
was produced, how it was prepared for your use, and how it got to 
your table. 

Field Problem. — Study the food stores on your way to and from 
school and determine how foods are offered for sale, how handled, 
and how wrapped up for the customer. Make suggestions for im- 
provement. Comment on the good points you observe. 


1. Foops as TRANSFORMED SUNBEAMS 


442. Food and Work. — Without food no one can live 
long or do work any more than an engine can generate steam 
without coal. For this reason you ought to know the dif- 
ference between good and poor fuels (food) for the body and 
how to secure and use the best. Like the engineer, you must 
also know something about the structure of the human 
engine in order to run it and care for it properly. 

We may say, then, that the subject of foods is the most 
important in the whole field of general science, for without 
foods the work of the home, the factory, the railroad — in 
fact, all the work of the world — would have to stop. Where 
did all these foods really come from? 

443. The Human Body and a Locomotive. — It is inter- 
esting to note that the human body somewhat resembles a 
steam locomotive. For example: (1) Both are composed 
of many parts which co-operate to make a unit of the whole 
mechanism; (2) both must be fed fuel (food and coal); 
(3) the sources of these fuels are the same (carbon dioxide 
and water, which were originally combined in the coal for 
the engine or in the bread for the body); (4) both carry 
on oxidation within their structures (the body in the cells, 
thus consuming itself ; the engine in the firebox without con- 
suming itself); (5) both produce carbon dioxide and water 
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as wastes; (6) both release heat energy; (7) both do work; 
(8) both wear out; (9) both need to be repaired (the body 
repairing itself and the engine being repaired by mechanics) ; 
(10) both need to be controlled (the engine by an engineer, 
the body ‘by a brain within itself). 

The body differs, however, in several respects from the 
engine. (1) It can repair itself; (2) it can grow; (3) it 
can move itself without outside help; (4) it, like all other 
living things, can produce others like itself; (5) the body 
is composed of organs which are fed by a life-giving fluid, 
the blood; (6) the body is controlled and its actions corre- 
lated by a nervous system; (7) the body has a brain 
which can think and will to act; (8) the body can heal 
itself; (9) the body has power of self-defense; (10) the 
body tries to fit itself to changing conditions (Key Pic- 
ture 18). 

444. Food Fuel Elements.— Would you suppose that 
common foods contain the same fuel elements you discovered 
in wood and coal, back in Chapter VIII? A simple experi- 
ment will give you an interesting bit of knowledge about 
foods. 


Suggested Experiment. — If you get a piece of stale, hard bread 
or cracker, a piece of dried beef, a Brazil nut, some sugar, some 
dried boiled potato, some test tubes, a Bunsen burner, some lime- 
water, and a knitting needle, you can make a discovery. 

Place a piece of the bread in a test tube and hold over the flame. 
Note the change in color of the bread and observe what appears 
upon the sides of the tube. Do the same with the sugar, potato, and 
beef. They all turn black and give off water. Place the meat of 
the Brazil nut on the needle and hold in the flame. Note what 
happens and carefully examine the appearance of the nut as it burns. 
Hold the nut, after it begins to burn by itself, under the mouth of a 
clean, dry test tube. Examine, after a moment, the inner sides of 
the tube. Account for the soot and water there. Quickly pour 
some limewater in tube and shake. Result? Conclusion? 

Do common foods contain the fuel elements? What are these 
elements? Is food a fuel? Explain. You may now begin to see 
why the human body is’called an engine and why we eat foods. 
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2. Tue Nature or Some Common Foops 


445. Food Tests. — How can you detect starch and sugar 
in your daily diet? 


(Key) Demonstration 46: Problem: How can one “detect the 
presence of starch and sugar in foods? 


Materials: Corn or potato starch; grape sugar; iodine solution ; 
a Bunsen burner; Fehling’s solution; a lemon; some bread; some 
boiled potato; and several test tubes (Fig. 278a). 

Method: Place a little iodine upon some of the cornstarch. Note 
the reaction. The blue-black color is a sure test for starch. Place 





FIGURE 278a. — (KEY) DEMONSTRATION 46. 
What is the use of each labeled part of apparatus ? 


a small portion of the boiled potato in a test tube with water and 
heat over the flame until it begins to boil. Pour into the tube some 
of the iodine solution. Note the reaction. Place a few drops of 
the iodine upon the bread, and a few more drops on a small amount 
of lemon juice in a test tube. Record the results. 

Place a piece of grape sugar the size of a pea seed in a test tube 
about one quarter full of water. Heat over the flame until the 
solution shows signs of boiling. Now pour in a small amount of 
Fehling’s solution. Heat again. Note the changes in color and 
particularly observe the last color produced. This brick-red or 
terra cotta color is a sure test for grape and other simple sugars. 

Now test some of the potato in water in a test tube with the 
Fehling’s solution. Note the result and record it. Try the bread 
next. Finally, test a small amount of the lenion juice in the same way. 
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Observations: What is the test for starch? Was starch found in 
the bread? in the potato? in the lemon? In which was most 
found? What is the test for grape sugar? Was sugar found in the 
potato? in the bread? in the lemon? Would you expect to find 
sugar inalemon? Why? Explain this. 

Conclusion: How would you test foods for the presence of starch 
and grape sugar? Give full statements. Could you test other 
foods? Try it. 

This is the most important demonstration in this chapter, so 
write it out most carefully in your Science Discovery Book. 


(Key) Demonstration 47 : Problem: How can one detect the pres- 
ence of fats and proteins in foods ? 

Materials: Some olive oil; white of eggs; nitric acid; glazed 
paper; a Bunsen burner; test tubes; a piece of bacon; a Brazil nut; 
bread ; household ammonia ; and half of a small potato (Fig. 278b). 


Brazil Nut 





Ficure 2788.—(Kry) DEMONSTRATION 47. 
How is each bit of apparatus here shown used in the demonstration ? 


Method: Place some of the olive oil on the paper. Allow it to 
spread a little. Hold high over flame. Note the effect of the oil 
on the paper as you hold it up to the light. Oil always makes 
glazed paper semi-transparent. Rub the Brazil nut upon a dry 
part of the paper. Try the bread next. Finally test the piece of 
bacon in the same way. Note the relative results and record them. 

Place some of the egg white in a test tube and pour in some of the 
nitric acid. Boil. Note the effect, and the final color of the egg 
white. Add enough ammonia to neutralize the acid. Note again 
the final color effect. This is a test for proteins (see section 447). 
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Norse. — Burn any food; if the fumes given off remind you of 
burning leather or feathers, it contains proteins, 

Now place some of the acid on the bread. Note the effect. Add 
a few drops of the household ammonia. Note the effect. Try the 
same tests with the bacon, the Brazil nut, and the potato, being 
sure that you get the chemicals on the skin of the potato as well 
as on its white part. ] 

Observations: What effect does the oil have on the paper? Is 
there oil in the Brazil nut? in bread? in bacon? Do you think 
that a potato contains oil? What is the test for proteins? What 
effect does the ammonia have upon the egg white? Give the 
relative amounts of protein in bread, bacon, Brazil nut, and potato. 

Conclusion: What are the tests for fats? for proteins? How 
would you test orange juice, beef, or syrup for proteins? Try these 
tests on some of the common foods in your home and report on 
them. Write this out in complete form in your Science Discovery 
Book. 


The question now arises: Have you tested for the presence 
of every food substance? Can there still be other substances, 
in bread, for example, that your tests so far have not shown? 


ner 


—————- 


~ Iron Spoo 





FIGURE 278c. — DEMONSTRATION 48, 
What does each of the above foods contain? How do you know? 


Demonstration 48: Problem: Do foods contain minerals ? 

Materials: Sugar; a small piece of beef; bread; an iron spoon; 
and a Bunsen burner (Fig. 278c). 

Method: Place the sugar in the spoon and hold over the flame. 
Note what happens. Hold in position until there is no more burn- 
ing. Remove what is left and place on a piece of paper. Now 
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place the meat in the spoon and treat in the same way. Finally, 
treat the bread in the same manner. 

Observations: What happened to the three foods? Did any one 
disappear entirely? Why did they not all completely burn? What 
was left? What is the 
nature of ashes? What 
is the appearance of 
these ashes? 

Conclusion: Do 
foods contain miner- 
als? What have you 
observed to be the na- 
ture of these minerals? 

Practical Applica- 
tions: Of what value 
are minerals to the 
human engine? 


3. Foops as FuEuL 


446. Food Is Fuel. 
— Butter will burn 
fiercely if held in a 
spoon over a Bunsen 
flame. Sugar will 
burn readily on the 
top of a hot stove or 








y FicuRE 279.—THE Foop VALUE OF A BoTTLE 
in a kettle. In each or Mik. 

case we are aware of The space between the blank labels indicates 
the presence of car- the amount of each nutrient. What forms the 
bon. How? Since &8te@ter partof milk? Why is milk often called 
r . the perfect food ? 


all fuels are com- 

posed of organic substances and carbon is a fuel element in 
all fuels, it follows that butter, sugar, bread, meat, and like 
foods are all fuels. Some foods are, of course, better fuels 
than others, just as coal is a better fuel than wood or peat. 
_ 447. Foods Differ. — Foods are different in composition, 
in their use to the human engine, and in their heat values. 
Protein (pro’té-in), a substance very closely resembling egg 
white, starch, sugar, which is classed with starch under 
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the name carbohydrate 
(kar’b6-hi/drat), and 
fats are all found in 
large amounts in the 
things we eat. Finally, 
there are certain sub- 
stances like salt, cal- 
cium, water, magnesium, 

FicuRE 280A. — CARBOHYDRATE Foops. and sodium, which are 

Name them. What nutrients do these found in the foods we 
foods contain in abundance? Of what eat, but will not burn. 
value are they to the body ? "I esesiard- colbicuaion: 
ganic foods, or minerals. Why? The uses of the different 
fuels to the body are summarized below. They should be 
thoroughly understood. 





NUTRIENTS USES 
Proteins (egg white, milk curd, Build tissues; repair tissues 
wheat gluten, lean meat, peas, (cells, muscle, tendons). 


beans, cheese). 
Fats (fat of butter, meat, oils, - Form fat tissues, serve as fuel, 


wheat, nuts, pork) and release much energy. 
Carbohydrates (sugar and starch; All serve as fuel and release 
in fruits, potatoes, bread, energy in the form of heat and 
candy) transformed into fats. bodily power by which the 
body is able to do work. 
Mineral matter (ash) Used in making bone and teeth, 
Compounds of lime, potash, aids in digestion, absorption, 
soda, ete. circulation, excretion, and res- 
piration. 


Water is used to help dissolve 
foods, form digestive juices, 
earry foods to and wastes from 
the cells, and in oxidation; it 
actually forms a part of all pro- 
toplasm. 


Nors. — Vitamins are essential as body regulators (see section 455). 


448. Heat Values of Foods. — In our discussion of fuels, 
a unit of heat was determined upon called the Calorie. 
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The Calorie is the 
amount of heat neces- 
sary to raise one pound 
of water 4° F. in tem- 
perature. 

When applied to foods, 
it was found, for instance, 
that a pound of butter 2 
will release 3600 Calories Ficure 280s.— Fatty Foops. 
of heat when burned Name them. How do you know that 
in a bomb calorimeter. these foods contain fats? How are fats of 

value to the body ? 

This means that the 

heat given off by burning a pound of butter would. be 
enough to raise 1800 quarts or nearly 2 tons of water 
4° F. Yet, hard-working men, such as coal heavers and 
hod carriers, need to eat 
enough food each day to 
release more heat than 
this, if they are to do 
their work. By careful 
experiments it was found 
that a gram of pure 
fat will release 9.3 C. 
(Calories), a gram of car- 


bohydrate (starch, sugar) 
Name them. These build muscle. What 


persons need these foods most? Most 4.1 C., and a gram of 
people eat too much of these foods. Why? protein 4.1 C.! 


1To change grams into ounces and pounds when dealing with 
Calories, use the following table: 








FIGURE 280c.— PROTEIN Foops. 


Calories in one gram. Calories in one pound. 
Fats 9.3 : 4219 
Carbohydrates 4.1 1860 
Proteins 41 1860 


Thus, there are about 263 Calories in one ounce of fat; about 
116 Calories in one ounce of carbohydrates or one ounce of proteins, 
If one gram = .035 ounce, 100 grams = 3.5 ounces, One gram of 
fats = 9.3 Calories, 100 grams = 930 Calories. 
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4. Wuat Foops tHE Human ENGINE NEEDS 


449. Food Requirements of the Human Engine. — Very 
young children require much less food than older children 
and adults. Growing boys and girls at the ages of 12 to 16 
require relatively more food than adults, while old people 
require less food than middle-aged people. Explain. 





English Walnut 


FicurE 281.— 100-CaLoriE PoRTIONS OF Foon. 


Every portion of food here contains about the same amount of heat 
energy. You need but 400 Calories for breakfast. Pick out your breakfast 
from this list. Do you ordinarily eat more or less than you need? Explain. 


Boys require more food than girls of the same age, because 
they are more active. Men have, in general, larger bodies 
than women, they lose more heat and thus require more 
food. Explain. Again, the average man uses up more 
energy than the average woman because his work calls 
generally for more muscular activity. 

A bookkeeper needs far less fuel than a ditch digger or 
a lumberman. Explain. The outdoor worker usually has 
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a better appetite than the clerk. Explain. The steel 
worker always needs more food than the manager of the mill. 
This food should be chiefly muscle-building and rich in fats. 
The manager does not need the same diet. Why? 

Finally, environment makes a decided difference in the 
number of Calories needed. We all naturally eat more fats 
in winter than in summer. We crave these fats in winter 
and dislike them in hot weather. Again, the ‘man working 
in a Canadian fur-trading post will need much more food 
than the man paddling a canoe on the Amazon River. Ex- 
plain. Besides, the kinds of food used by the two men will be 
widely different. Meats will form a iarge part of the fur 
trader’s food, while fruits and vegetables will feed the South 
American native. Explain. 

450. Fuel Value Requirements of the Human Engine. — 
Experiments performed by scientists show that a person at 
rest, doing no actual work, requires 12 Calories of heat each 
day for each pound of his weight or .5 C. a pound an hour. 
For a man weighing 150 pounds, the heat requirement would 
be 75 C. an hour or 1800 C. a day. 

For boys and girls in high school the following table should 
be interesting : 


1. 14 yearsofage . . . . 24C.a pound ? 
2; 15 years of age’. . . . 22 C. a pound ? 
3. 16 yearsofage . . . . 20C.a pound i 
4. \i_yearsofage . . «= . 18.C. a,pound ? 
5 18 years ofage .. .: . 17 C.apound ? 
For a boy or girl 16 years of age, weighing 120 pounds: 
Sleeping (9 hours). . me 9 8 120 -= 1540): Ce 
School work and study (3 howray & X10 *& 120 = 720'C, 
Studying (3 hours) : oip.4 Hino esyiUe— PING (G, 
Recreation, light work (4 Loan a 4&2 120: = 960.C: 
Total 2436 C. 


According to the above table a boy 16 years of age needing 
20 C. a day and weighing 120 pounds will need just exactly 
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2400 C. of heat in a day. Note that a boy 14 years of age 
will need 4 C. more a pound. Why? 

451. How to Select Your Diet.— With a standard of 
24 ounces of protein a day and a total of 20 ounces of food 
giving a total of 2800 Calories a day, how can you know that 
you are eating the proper amount of food with the right 
proportion of nutrients? A rough way to determine this 
point is to take your own weight as a basis. For example: 
If you weigh 160 pounds, you should eat approximately 80 
grams of protein. Since the ratio of protein to the other 
nutrients is 1:8 you would eat 8 x 80 or 640 grams or 21.3 
ounces a day. Another method is to trust to your own 
appetite. This latter method is all right provided that you 
thoroughly chew your food. The great danger is that you 
will eat too much protein and too little fat. The last and 
best method is the proper use of food tables. 


5. How to Make Your Own DIETARY 


452. Food Tables. — Any person can make up for one 
day the amount and kinds of food used in the average serv- 
ings. A sample diet for one day is given here based upon 
an allowance of about 75 grams of protein and a total of 
2803 Calories fora day. Any menu coming close to this will 
not cause you to run any danger of eating too little or too 
much. 








Breakfast 

WEIGHT Protein WEIGHT CALORIES 

(GRAMS) (GRAMS) 
epvcrs fl. ©. 114 15.6 100 
2 slices brown bread . . 86 4,4 200 
1 portion cream of wheat 140 3.1 100 
Up Glasser] ees ee 225 6.8 160 
Lelininp soa ae 8 = 33 
ly pat butter. . .. 29 3 150 


602, 30.2 743 
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Lunch 
WEIGHT PROTEIN WEIGHT 
(GRAMS) (GRAMS) CaLortes 
1 plate bean soup. . 150 4.8 100 
2 slices bread (brown) 86 4.4 200 
15 pat butter . . . ‘29 3 150 
D piase mb .oxs 225 6.8 160 
1 orange. . 270 1.6 100 
1 piece chocolate cake 55 3.4 200 
815 Tie ie 910 
Dinner 
2 large chops we te 54 17.0 300 
ldishonions ... 120 1.2 50 
1 potato. . 102 2.5 100 
2 slices bread (brown) 86 4.4 200 
1 pat butter . . 19 2 100 
l piece of pie . .°. 100 4.4 200 
l apple, 2 Roa 103 1.0 100 
i orespe i. | = 270 1.6 100 
854 32.3 1150 
Totals for the day . 2271 83.8 2803 








453. A Balanced Diet. — The need of a proper balance 
between the different nutrients is seen, when you remember 
that (1) the amount of protein needed is determined by the 
kind of work in which a person is engaged; (2) the fats 
and carbohydrates needed vary in amount according to such 
factors as the intensity of work, the kind of climate, and the 
seasons; (3) eating too much of one kind of food in order 
to secure the proper amount of nutrient from it throws too 
heavy a burden upon the various organs used in the digesting 
of this nutrient. 

454. A Mixed Diet. — For the very young child, milk alone 
is a mixed as well as a balanced diet, because it contains 
almost the proper ratio between the nutrients and vitamins, 
plus a small amount of lime, phosphorus, and other elements, 
so necessary for bone and teeth building. Bread and butter 
contain all the essential nutrients for the growing child or 
the adult. Meats, peas, beans, and the like give us most of 


544 Foods as Fuel for the Human Engine 


our proteins, but no one wants to live on them alone. Vege- 
tables furnish us with most of our carbohydrates, but there is 
an enormous waste in vegetables and much of their content is 
indigestible. But as valuable foods they are indispensable. 

The mixing of the diet cannot, therefore, be overem- 
phasized. Even among the proteins themselves there 
should be a great variety. Beans, meat, eggs, cheese, len- 
tils, and breads all contribute different kinds and amounts 





U.S. Dept. of Agriculture. 
FicuRE 282.— A Day’s RATION FOR A FAMILY OF FIVE PERSONS. 


List the articles here shown. Is this a mixed diet? A balanced diet? Are 
vitamins found here? Why is this selection good? 


of nutrients. From these the body may select its own build- 
ing blocks with which it can build the different tissues of the 
body. Variety, then, in all kinds of foods is what the body 
is craving. It is for you to furnish this variety of food, al- 
ways keeping in mind the proper proportion of each nutrient 
or the ratio of 1:3:6.! Indeed, one of the greatest contri- 
butions the mother can make to-day to the success of the 


1 The ratio between the number of Calories needed from the differ- 
ent foods would be about as follows: 


Proteins Fats Carbohydrates 
1 3 5-6 
The ratio in weight, however, would be somewhat different : 
Proteins Fats Carbohydrates 


1 1 4-5 
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home and family is to become an expert in the selection and 
purchase of foods and in the formation of proper dietaries 
for the family. 

455. Vitamins.— Vitamins are a food element just 
recently discovered which serve as body regulators for 
growth and other life activities. They occur in foods in 
very small amounts, but are very necessary to man. The 
absence of a very small amount in the diet’ means loss 
of appetite, disease, and death. The German submarine 





: U.S. Dept. of Agriculture. 
Figure 283.— How Drier AFFects Livinc THINGS. 


The rat at the left was fed too small an amount of food, which also had 
too few vitamins. At the right is the same rat five months later. What do 
you suppose made the difference ? What is the lesson here for you ? 


Deutschland was forced to put in at an American port dur- 
ing the World War because her entire crew had the scurvy, 
a disease due to the lack of green vegetables. Tomatoes, 
carrots, potatoes, oranges, and lemons are rich in the 
vitamin which prevents scurvy. There are several kinds 
of vitamins. Vitamin A (fat-soluble A, found in green 
leaves, tomatoes, cream, butter, cod liver oil, egg yolk) 
is believed to be a preventative of certain diseases of the eye. 
Vitamin B (water-soluble B, found in beans, peas, eggs, 
liver, and all cereals) prevents or cures beri-beri, a disease 
that causes pain in the limbs and swelling of parts of the 
body. Rye and whole wheat bread are rich in this vita- 
min. Lack of Vitamin B causes a loss of appetite. Vitamin 
C (found in oranges, cabbage, turnips, lettuce, watercress, 
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raspberries, tomatoes, fresh meat, carrots, and potatoes) 
prevents.scurvy and pellagra. Limes, lemons, tomatoes, and 
pineapples are especially rich in this vitamin. The recently 
discovered Vitamin D is perhaps the greatest factor in the 
prevention of rickets. No family should ever be without 
oranges if health is valued among its members. Modern 
methods of canning fruit and vegetables help to make it possi- 
ble to obtain at all seasons the vitamins necessary for health. 

Below is a specimen diet for one day which will include the foods 
necessary to give you the required vitamins. Note it carefully and 


see if you are getting these vitamins in your daily diet. Study this 
with your mother. 


1. Milk — one quart. One pint for an adult. 

2. Vegetables — two daily. 

3. Fruits — once daily. 

4. Meat, fish, eggs, cheese, lentils, or beans. 

5. Bread or cereals — preferably whole wheat bread or other 
entire grain. 

6. Fat — butter or other fat in some form every day. 


456. How to Balance and Mix Your Diet. — The problem 
of successfully fueling the human engine is not an easy one. 
Any good food table will help you make up your daily diet for 
aweek. A different menu can be made from it for each day, 
‘thus giving needed variety. Foods left over from one day 
may well be served in a different way or in combination with 
others on the following day, thus making for economy. Sug- 
gest such a scheme to your mother, help her make up such a 
schedule, prepare a menu for each day for a week with her 
help, and try it for the purpose of seeing if (1) the food costs © 
less, (2) there is an increase in efficiency, (3) there is less tood 
waste than formerly. In preparing the daily menu let each 
serving equal about 100 Calories in value. It is this selection 
of food upon the 100-Calorie basis that should make the 
selection of a daily menu an easy matter. 

457. Cost of Foods. — Many people think that the more a 
food costs, the greater its nutritive value must be. This is 
a great error. Five cents’ worth of sandwich will give as 
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much energy or power to do work as 90 cents’ worth of 
oysters. Below is a table giving a comparison of the cost of 
certain foods on a 100-Calorie basis. 


Milk @ 15 cents a quart 100 Calories will cost $.024 
Corn meal @ 10 cents a pound 100 Calories will cost $.0062 
Cheese @ 40 cents a pound 100 Calories will cost $.02 
Sirloin steak @ 50 cents a pound 100 Calories will cost $.044 
Oysters @ 3 cents each 100 Calories will cost $.36 


To make just one comparison will give you a contrast that 
will be remembered. 100 Calories of oysters cost $.36 as 
compared with $.0062 for corn meal. This is the same as 
saying that the oysters cost 60 times as much as the corn 
meal, assuming that both have the same nutritive value. 
This is an illustration of the fact that cereals and concentrated 
animal foods are better than other varieties both from the 
standpoint of nutritive value and cost. 


6. Pure Foops anpD THEIR PREPARATION FOR USE 


458. Cooking of Foods and Waste. — Much food is lost 
or wasted in the average kitchen. Food containing much 
bone or stringy material is a loss in most cases. Potatoes 
are often pared too deeply and the parings, which contain a 
highly nutritive part of the whole vegetable, are thrown away. 
Baked potato skins, when thoroughly scrubbed, are palatable 
and very nutritious. Why? Bones can be saved and when 
used in soups and stews make excellent foods. The cheaper 
cuts of meat are tender, if properly and thoroughly cooked. 
Rejecting the water after cooking vegetables in it results 
in the loss of some of the soluble vitamins (B and C). Min- 
erals also are lost. Boiled, roasted, or steamed foods are 
more easily digested than fried food. Raw eggs and oysters 
are digested in half an hour. Hard-boiled eggs may take four 
hours to digest. Meats should be brought slowly to a boil 
if it is desired to drive the nutrients out into a stew or soup. 
lf the meat itself is to be eaten, it should be seared in the 
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oven before boiling, or put into water that is already boiling. 
This sudden heat causes a hardening of the outer protein 
which keeps the nutrients from being boiled out. 

459. Digestibility of Foods.—In general, animal foods 
are more easily digested (if properly cooked) than vegetable 
tissues, because the latter have so many woody cells which 
cannot be digested. Cereals, starchy fruits, peas, and beans 
are, on the whole, less digestible than fish and dairy products 
because the nutrients are so concentrated. Again, foods 
which contain too much “roughage” or vegetable fiber 
are positively injurious to some people, although they pre- 
vent constipation. Certain acid fruits like strawberries may 
produce irritation in the digestive tracts of some people. 
They may even cause the mouth to become sore and a red 
rash to break out upon the body. Digestibility of foods may 
be an individual matter and foods should be purchased which 
will most nearly suit the needs of the whole family. 

460. The Best Food.—So many people ask: ‘ What, then, 
is the best food to eat, anyway?” That is a hard question to 
answer, because “‘ what is one man’s meat is another man’s 
poison.”” However, from what has already been said, it 
will be safe for you to conclude that the best food is that which 
gives the greatest amount of nourishment and energy at the least 
cost, with the least waste, and at the same time agrees with the 
person who eats it. 

461. Adulteration of Foods. — The invention of the tin 
can as a sealed container made it possible to preserve foods 
so that they are available in winter almost as fresh as when 
picked. To make doubly sure of the preservation of these 
foods salt, sugar, vinegar, smoke, and spices used in moder- 
ate quantities for this purpose are harmless. Unscrupulous 
packers have sometimes been guilty, however, of canning 
foods which were partially spoiled when put into the cans. 
To cover or disguise this putrefaction and prevent further 
spoiling, certain chemicals such as alum, borax, boracic acid, 
benzoic acid, sulphates, formaldehyde, and benzoate of soda 
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Relative Costs of the Same Amount of Body Building 
Foods of voi Non be Kinds 


Oranges 
Bananas 
Salt Pork 
Apples 
Oysters 
Eggs 

Rice 

Milk 
Potatoes 
Wheat Bread 
Cern Meal 


Beans 








Relative Costs of the Same Amount of Energy 
Foods of Different Kinds 


Oysters 50 cents 


Celery 
Oranges 
Eggs 

Dried Beef 
Round Beef 
Milk 
Apples 
Cheese 
Beef Stew 
Butter 
Rice 
Potatoes 
Corn Meal 
Oatmeal 





50 60 





Cents 


FicurE 284. — Costs or Bopy-BuILpING AND ENERGY-RELEASING Foops. 


List the least expensive body-building foods. Explain this. Why are 
potatoes, corn meal, beans, etc., fed to lumbermen ? 
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are used. Such foods are not fit for use and for this reason 
are said to be adulterated. 


Many times something is added to foods to increase their bulk or 
weight and incidentally reduce the food value. Water is thus put 
into milk, and chicory in coffee. This practice makes money for 
the man who follows it at the expense of the consumer, both in 
pocketbook and in health. 

Another method of adulterating foods is the removal of some 
valuable product from them and selling it. Oil is expressed (pressed 
out) from olives and sold separately, but the consumer who buys the 
olives thinks he is getting the oil also. Cream is removed from milk. 

Still another method is that of substituting one inferior food for a 
superior food. In this way oleomargarine is sold for butter, chicory 
for coffee, and glucose for cane sugar in candy. Dyes and other 
bright colors are put into candy and meats to freshen them and 
make them attractive. Such dyes are coal-tar products and are 
considered harmful. Glue, shellac, lampblack, and copper are also 
used to give candy a better appearance or to prevent its melting in 
warm weather. 


Demonstration 49: Problem: How can the adulteration of some 
foods be detected? 


Materials: Ground coffee; a glass of cold water; a beaker; 
hydrochloric acid ; a new iron nail ; a pan of water ; a Bunsen burner ; 
an iron tripod; acan of peas; butter; a spoon; table salt ; and a small 
battery jar. 

Method: A. (Adulterated coffee.) Spread a half teaspoonful 
of the coffee over the water in the glass. Leave it for five minutes. 

B. (Copper in canned goods.) Put into the beaker a teaspoonful 
of mashed peas, two teaspoonfuls of water, 20 drops of hydrochloric 
acid, and the iron nail. Set the beaker in the pan of water and boil 
the water in the pan for 10 minutes, meanwhile stirring the mixture. 

C. (Butter.) Place a small piece of butter in the spoon and hold 
it over the Bunsen flame. 

Observations: Does the coffee float or sink? If it sinks leaving 
a brownish streak in the water, itis chicory. If it floats, it is coffee. 
Does the nail turn copper colored? If so, copper salt is present to 
make the peas look fresh and green. If it is good butter, it will 
foam much and boil quietly; if not, it will sputter and produce 
little foam. 

Conclusion: Write out in full how you would test for adulterations 
of coffee, canned goods, and butter. 
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462. Pure Food Laws. — Food adulteration is now largely 
controlled by the national Pure Foods and Drugs Act passed 
by Congress in 1906. Under this law, foods can still be pre- 
served with harmless 
adulterants, but the use 
and amount of such must 
be indicated on the label 
of the container, or the 
food must be guaranteed 
to be pure and registered 
under the law with the 
correct weight of the con- 
tents indicated. How, 
then, does the law pro- 
tect the consumer? It 
all depends upon the con- Figure 2854. — Some Pure Foops. 
sumer as to how much Every article here is guaranteed as being 
he will be protected. If PUS; How cant be proved that the guar 
he can read English and foods are pure as you buy them ? 
wants pure food, he can 
have it by reading the labels on the canned or bottled goods 
he buys. If they are not pure, he can refuse to accept them 
and can generally get the pure article from the same dealer 
by paying a few cents more for it. 

463. Stimulants. — Substances such as tea and coffee 
cause a slight increase in the bodily activities and for this 
reason are called stimulants. Children should refrain from 
frequent use of them, especially of coffee. Cocoa, it must 
be said, has food values, as it contains 21% proteins, 30% to 
50% fats, and 30% carbohydrates. 

The stimulant of greatest importance is alcohol. Claimed 
by some to be a food, it is nevertheless a very poor food, re- 
leasing only heat and that temporarily. It cannot build 
tissues. It interferes with the proper working of the body 
organs and it overtaxes the heart. It creates very often a 
dangerous habit which can scarcely be broken. It has a 





552 Foods as Fuel for the Human Engine 


liking for water which it draws out of the digestive juices. It 
interferes with digestion. It coagulates albumen (al-bi’mén) 
and hardens the body cells and artery walls. It often re- 
sults in apoplexy (&p’6-plék’si), Bright’s disease, heart fail- 
ure, rheumatism, and other kindred diseases. Alcohol is a 
deadly poison. 

Insurance companies well know its effects upon the ex- 
pectancy of life. Roughly speaking, the regular user of 
alcohol may expect to live 15 years less than the total ab- 
stainer. 

Again, alcohol undermines and breaks down the will 
power. It enslaves one asa drug. It leaves the user of it 
weak while food strengthens him. It lessens muscular power 
while food increases it. It lessens the power to endure cold 
while food strengthens it. Admiral Peary attributed his 
final victory in discovering the North Pole to the elimination 
of alcohol from the diet of his crew and to the substitution 
of tea on all sledge trips. 

464. Drugs and Patent Medicines. — Many persons are 
very careless in selecting their medicines. Dishonest manu- 
facturers, knowing this, sell, at a large profit, large quan- 
tities of medicines containing considerable amounts of drugs 
or stimulants. The relief such medicines give is usually 
only temporary and often the results are actually bad, 
causing further sickness rather than remedying the original 
trouble. Practically all such medicines are patented. There 
are, however, some very excellent patent medicines which 
many competent physicians feel justified in prescribing. 
When you require medicinal treatment, the sensible thing to 
do is to have a reliable physician prescribe what such treat- 
ment shall be. 

The subject of this section is interestingly treated in several 
books. Through your local library locate such a book and 
prepare a review of it for class report. One such book is 
“The Great American Fraud,” published by the American 
Medical Association, Chicago, Illinois. 
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SUMMARY 


The human body is an engine: it needs fuel, burns this fuel, 
gives off wastes, releases heat, and does work just like an engine. 
It differs from an engine in some very important ways, the principal 
one being that it is alive. 

Its efficiency as an engine depends upon a very careful use of fuel 
(food). In the human body it is essential that we know how to feed 
it and when to feed it. . 

Fuel for the human engine consists of foods of four principal 
kinds: proteins, carbohydrates (starch and sugar), fats, and mineral 
maiter. All differ in their composition, fuel values, and use to 
the body. The fats and carbohydrates release large amounts of 
heat energy, the proteins release heat and build tissues, while the 
minerals help in carrying on body processes and in building 
bone. 

The unit of measure of the fuels used by the body is the Calorie. 
The number of Calories required for the body each day depends upon 
age, sex (to a limited extent), climate, season, occupation, and time 
of day. 

The dietary of any person is based upon a nutritive ratio of 1:3:6 
for proteins, fats, and carbohydrates respectively. The work of 
selecting a dietary with the proper nutritive ratio is of the greatest 
importance. It should be mized and balanced, because a mixed diet 
gives variety and secures to the body the vitamins so essential to 
our life processes, while a balanced diet secures a proper proportion 
of nutrients so that too much work will not be thrown on any one 
part of the body. 

In buying foods, the cost, heat values, and the amount of waste 
in them should always be taken into careful consideration, as well 
as the nutritive value. In cooking foods, the palatability and 
digestibility of the prepared food must be considered. The best 
food, in the long run, is that which gives the most nutritive value at 
the least cost and with the least waste, and best agrees with the con- 
sumer. In buying foods, inferior and adulterated foods should 
always be avoided. 

Alcoholic stimulants, drugs, and patent medicines should not be 
used except on advice of a reliable physician. 


Remember that : 
1. The human body is an engine. 
2. Food is fuel for the human engine. 
3. Food differs in its fuel value. 
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4. The dietary must be adapted to the kind of work the human 
engine does. 

5. Stimulants and narcotics seriously interfere with the work of 
the human engine. 


THOUGHT QUESTIONS 


1. Why do hospitals and sanatoriums employ dietitians? 
2. If a man feeds a horse oats for one week and hay for another 
week, on which kind of diet will the horse do the best work? Explain. 
3. Is it possible for a man to live on bread and water alone? 
Explain. 
4. ‘An apple a day keeps the doctor away.” Explain this 
statement. 
5. Fruit and vegetables should be a part of our daily diet. Why? 
6. If a person is over weight, what foods should be used spar- 
ingly? if under weight, what foods should he learn to use? 
7. Test some of the common foods used by your mother in order 
to determine the nutrients they contain. 
8. Learn how to bake a loaf of bread. Report to the class on 
your work. 
9. Learn how to prepare a dinner. Report your work to the class. 
10. Make a study and report upon some important parts of the 
book entitled ‘‘ The Great American Fraud,’’ published by the 
American Medical Association, Chicago, Illinois. 
11. Make some tests on foods for preservatives. 
12. Learn the principal provisions of the Pure Foods and Drug 
Law of 1906, giving reasons for each part of the law. 
13. Explain several dangers of using patent medicines. 
14. Why do we choose a variety of foods? 
15. What is meant by ‘one man’s meat may be another man’s 
poison ’’? 
16. Criticize this dinner: Bean soup, roast beef, baked beans, 
peas, tuna fish salad, bread and butter. 


SPECIAL PROBLEMS 


1. Determine the nutrients in some of the common foods used 
in your home. 
* a. Make alist of the common foods used in your home for one day. 
b. Choose from this list 1 dry food, 1 fruit, 1 cereal and 1 meat. 
c. Make tests for each of the nutrients in each of the four types 
of foods selected. Record your results, indicating the amount of 


Books of Special Value 555 | 


each nutrient by a minus sign, if none is present, by a plus sign if 
some is present and by a double plus sign if much is found. 

d. Now try to group all the rest of the foods in your list under 
some one of the nutrients you have tested. Test those in which 
there is much doubt. Verify your list by studying the tables of 
foods composition in any textbook. 

2. Have all the members of your class fill out the score card, 
pages 556 and 557, and add up their total scores. Pick up any 12 
score cards in the class and determine the average score for the 12. 
Is this average a poor, fair, or excellent one? Next note the items 
which bring the lowest score in most of the score ecards. Find 
out the reasons for their low scores. - Start a campaign in your class 
for raising the scores of all the members. 





FicurReE 2858. — Some Pure DRINKS. 
Six glasses of pure water each day make for good health. 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Anderson. Starch and Starch Products. Pitman. 

Bailey. Food Products: Sources, Chemistry and Use. Blakiston. 

Bassett. The Story of Sugar. Penn Publishing Co. 

Fisher and Fish. How To Live. Funk and Wagnalls Co. 

 Goudiss. Eating Vitamins. Funk and Wagnalls Co. 

Hart. Leavening Agents. Chemical Publishing Co. 

Hawk. What We Eat and What Happens to It. Harper and 
Bros. 

Monaghan. What to Eat and How to Prepare It. George H. 
Doran Co. 

Rexford. A One-Portion Food Table. Rexford. 

Wellman. Food Planning and Preparation. J. B. Lippincott Co. 
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SCORE CARD FOR HYGIENIC LIVING 


Read over carefully the score card below and if you can truthfully 
eredit yourself with 75 out of the possible 100 credits, you are doing 
fairly well; if you can credit yourself with 85 credits you are doing 
excellently; if you can earn 90 credits you are first-class. Where do 
you stand? Whatever you have to omit in your scoring, you 
should at once begin practice upon in order that you may increase 
your general health and efficiency. 


SCORE CARD Credits Check 


1. Sleeping in the open or with bedroom windows 

wide open(screened in summer). 

Use of mattress with no feathers. 

Small pillow. 

Bed clothing aired daily. 

Rising regularly at 7 a.m. or earlier. 

Light exercise on rising (five minutes). 

. Cold bath (unless ill). 

Hair brushed (25 strokes or more). 

. Teeth cleaned (morning and night). 

. Individual towel. 

. Glass of water on rising. 

. Hygienic breakfast —THOROUGH CHEW- 
ING. At least one item from each of three 
classes of food. 

Class 1, Fruit. Class 2, Bread, cereal, baked 
potatoes. Class 3, Eggs, bacon, milk, fish, 
cheese. <A glass of water. 

13. No candy or other food between meals. 

14. No active exercise for 30 minutes after a meal. 

15. Carry books at arm’s length and change hands 

often. 1 

16. Get best possible light at school. 2 

17. Use fully 20 minutes for lunch (not 5 eating and 

15 running). 3 
18. Hygienic lunch — THOROUGH CHEWING. 
At least one item from each of two classes of 
food. 
Class 1, Bread, butter, crackers. Class 2, 
Milk, soup, cold meat. 5 
19. Two glasses of water in afternoon. 2 
20. Vigorous exercise (tennis, running, ete.) 30 min- 
utes. 5 
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Hints for Health 


Score Card Continued 


. Rest 20 minutes before dinner. 


Hygienic dinner — THOROUGH CHEWING. 
Attractive table — 1; chew well — 2; eat mod- 
ately — 3; at least one item from each of three 
classes of food: Class 1, Potatoes, bread, 
macaroni, rice; Class 2, Soup, stew, roast, 
baked beans, cheese; Class 3, Fruit, vege- 
tables. A glass of water. 2 
Study 2 hours. 


. Sufficient light placed behind and above. 
. Light exercise before retiring. 


Retire regularly by 9.30 p.m. 

Glass of water before retiring. 

Clean hands, face, and teeth before retiring. 
Hygienic clothing. 

Correct posture. 


. Hands and finger nails kept clean. 
. All meals at regular hours (not to vary more than 


1 hour). 


Deduct 2 credits for the use of coffee or tea. 


Credits 


1 
10 
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1 
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Deduct 20 credits for the use of alcohol or tobacco. 
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Key Picture 19.—Our DIGEstIvE SYSTEM. 


Trace a bit of food (bread or meat) from the mouth to the rectum. Tell 
of its adventures. Find out the function of each labeled part. Show the 
connection between this system and the circulatory system (see Plate V). 
Why is the tooth given a prominent place here ? ; 
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CHAPTER XIX 


THE USE OF FUELS BY THE HUMAN ENGINE 


Soin descending streams, the silver chyle 
Streaks with white clouds the golden floods of bile; 
Through each nice valve the mingling currents slide, 
Join their fine rilts and swell the sanguine tide; 
Each countless cell, a viewless fibre seek, 
Nerve the strong arm and tinge the blushing cheek. 
— Dr. Darwin. 


You know that a locomotive must have a fire-box to hold 
the fuel. How are you built to use fuels? Did you 
know that all fuels for your engine must be prepared 
before they can be used? Do you know what happens to 
them? Do you know how foods and oxygen get to a cell 
in your ear or hand? If you cut yourself what hap-- 
pens? You lose some of the carrier of the foods. How 
would you stop this loss of blood? When the engine 
burns coal, ashes are formed, gases are given off, and 
water goes out the smokestack. How does your body 
engine get rid of its wastes and where do they leave the 
body? Have you a very good set of teeth? It is to be 
hoped that you have, because the teeth are the foundation 
of your health. Do you know why this is so? Can you 
tell some of the things that aid your body and some of the 
things that tend to make your body weak? 





Some Practical Questions : 
1. What is the effect of putting too much coal in the furnace? 
2. What is the effect of leaving too many ashes in the ash pit? 
‘8. Why are too much food and too much waste injurious to the 
body? 
ae 559 
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4. What are all the things that an engineer must do to keep his 
engine in working order? Show how the same things must be done 
to keep the human engine in good working order. 


5. In what respects is the mouth a very important part of the 
digestive system? 


6. Why do you often become hungry after much exercise? 


1. Tur DicEestion or Foops (FUELS) 


465. How the Human Engine Prepares Its Fuel. — Fuels 
burn with different rates of speed and have different heat 
values. The same is true of foods. But regardless of these 
facts, practically all foods have to be prepared by the body 
before they can be used by it or become a part of it. What 


changes, then, are necessary before food can be burned in 
the human engine? 





FIGURE 286,— (Key) DEMONSTRATION 50. 


A, filter paper; B, funnel; C, iodine; D, Bunsen burner; E, Fehling’s 
solution; F, test tubes; G, starch. 


(Key) Demonstration 50: Problem: How does saliva act upon 
starch? 

Materials: Starch; test tubes; iodine; Fehling’s solution ; Bun- 
sen burner ; a funnel; and filter paper (Fig. 286). 

Method: A. Collect some salivain a test tube. Filter it. 

B. Boil some starch in water for 30 seconds in a second test tube, 
making a thin paste. 

C. Test the starch with iodine. Why do you do this? 

D. Test the starch with Fehling’s solution. Why do this? 

E. Test the saliva with Fehling’s solution. Why do this? 
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P. Mix some saliva with the boiled starch and set aside for 10 

ida in a beaker containing water at 90° F. Shake occasionally. 
y? 

G. Test the contents of the test tube in (F) with Fehling’s solution. 


Observations: What effect does boiling the starch have upon it? 
Do you find sugar in starch? Do you find sugar in saliva? Do 
you find sugar in the test tube containing saliva and boiled starch? 
Now test the saliva with iodine. Do you find any starch here? 

Conclusion: What effect does saliva have upon starch? Prove 
your answer. Then write out a complete account in your Science 
Discovery Book. 


466. Digestion of Food. — Suppose that you follow a beef 
sandwich through the digestive tract or alimentary canal, 
noting what happens and thus becoming familiar with the 
most important parts of the tract. The sandwich consists 
of bread, lean meat, and butter.. There is protein in the 
bread, meat, and butter, starch in the bread, fat in the lean 
meat and a large amount of it in the butter, while the bread 
contains a trace of sugar placed there by the baker. 

a. The Mouth. When a bite of sandwich is taken, it is 
chewed and mixed with saliva. Saliva is a liquid which is 
present in the mouth. It is composed of water and an 
enzyme (én’zim) or ferment called ptyalin (ti’a-lin). Itacts 
upon the starch in the bread, changing part of it to grape 
sugar. The tongue, teeth, hard palate, lips, and cheeks all 
help in mixing the food with the saliva. At the proper time, 
this softened food, if properly chewed, passes down the gullet. 
without any conscious act of swallowing. Try this for your- 
self. Most people, it must be admitted, force the food down 
by strenuous muscular contractions of the throat. This is 
wrong. Why? 

b. The Stomach. Once the food is in the stomach 
(Fig. 287), it is churned about by the gentle motions of the 
stomach walls, which are composed of three layers of muscles, 
all working in different directions. There are glands in the 
walls of the stomach, which secrete a juice called the gastric 
(gas’trik) juice, composed of water, pepsin, and .2% of hy- 
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drochloric acid. Here the proteins are partially changed to 
a soluble form called peptone. The fats and starch of the 
sandwich are liquefied and acid’ified, ready to be ejected into 
the small intestine. 

c. The Small Intestine. This part of the canal is in some 
ways the most important part of the whole digestive system. 
It is about 20 feet long and about one inch in diameter in 
the adult. Here the food is moved along by the slow 
contracting of the walls of the intestine (a process called 
peristalsis! (pér’i-stal’sis) and is thus thoroughly mixed again 
with a new digestive juice, wonderful in its triple action. 
The acid nature of the food as it comes from the stomach 
stimulates the action of the pancreas (pin’kré-ds) and the 
liver, whose juices are alkaline in nature, like the saliva in the 
mouth. Both organs have a common outlet into the small 
intestine just below the stomach, where their juices, the pan- 
creatic juice (pain’kré-at/ik) and the bile enter and mix with 
the food as it passes this outlet or duct (Key Picture 19). 

The pancreatic juice is composed of three separate enzymes, 
one of which acts upon such starch as has escaped the ac- 
tion of the saliva; another acts upon such proteins as have 
escaped digestion in the stomach ; while the third breaks up 
the fats of the butter and meat into exceedingly small par- 
ticles, making an emulsion.2- Further changes result in the 
formation of soaps. These substances can then be readily ab- 
sorbed through the walls of the small intestine by the process 
of osmosis. The bile, without doubt, aids in emulsifying the 
fats. Glands in the walls of the small intestine pour intes- 
tinal juices on the food. This juice helps the pancreatic 
fluid and the bile to complete the digestion of all nutrients. 


1Peristalsis: a term applied to the muscular movements of the 
walls of the intestines. 

2 Here an emulsion is a quantity of liquefied fat, the particles of 
which are broken up and each surrounded with a film of bile in 
such a way that they cannot join together again, thus being easily 
absorbed through the walls of the small intestine, 
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Ficure 287. — MoutuH, GuLLeT, STOMACH, AND INTESTINES. 


Learn every label here shown. Know the functions of each part labeled. 
Be sure to understand the relations of these parts to each other. 
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The structures peculiar to the small intestine are the 
villi (vil’l), which are minute projections reaching out into 
the pathway of the foods and being entirely immersed by 
them. Study Figure 288 and explain it (Key Picture 19). 


Vein Lacteal 





FicuRE 288. — THE VILLI, — Foop-ABSORBING SURFACES OF THE SMALL 
INTESTINE. 


A, a section of the small intestine showing the ridged structure and 
attachment of the villi. B, a section. cut away from the side of A showing 
a cross section of the ridges with several villi attached. C, a single set of 
villi greatly enlarged. e, e, villi. FF, cells of the wall of the villus which 
absorb digested food and pass it on to the blood capillaries inside the villus 
or across the spaces marked G to the lacteal tube. What nutrient alone 
goes to the lacteal? What nutrients go to the capillaries ? 


Meanwhile the refuse and whatever foods were not di- 
gested on account of poor mastication or because they were 
indigestible are passed into the large intestine to be stored 
until such time as it is convenient to eliminate them from 
the body. 

One may ask: What has become of the beef sandwich and 
the sugar in the bread? The sandwich lost its identity as a 
sandwich in the mouth. All its parts were mixed together 
and all the like nutrients in its separate parts were acted upon 
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in the appropriate place and made soluble. The cane sugar, 
although it will dissolve, cannot be absorbed because its 
molecules are too large. It must be changed to a simple 
sugar by the invertase (in-vir’tas) of the intestinal juice. 
467. Summary of Digestion. — Copy the following tables 
in your notebook and fill in the blanks with the proper items, 
using the text and the diagrams as a basis for your work. 


1. Part of Canal Food Digested By What Into What 
Digested ? Changed ? 


av AP rp 


2. Starch Where Di- Into What By What? Why Changed? 
gested? Digested ? 
Sugar 
Proteins 
Fats 


468. The Importance of Soluble Foods. — The great 
function of the digestive system is to (1) make insoluble 
foods soluble, (2) liquefy soluble foods, and (3) to absorb all 
liquid foods. Without careful performance of the first two 
the last step cannot be properly accomplished. Otherwise 
malnutrition (m&l'ni-trish’in) and sickness result. The 
proper chewing of the food is absolutely essential to the proper 
health and running of the human engine. 

469. Food Transportation in the Human Engine — The 
circulatory system carries the transformed food. It is com- 
posed of a central pumping station, the heart, with connecting 
blood vessels consisting of arteries, veins, and capillaries 
(kiip’i-l4-riz). Study the diagram of the circulation, noting 
its parts, their connection, and the course of the blood 
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through them. Note especially the organs reached by the 
blood stream (Plate V). 


Laboratory Exercise: Problem: To understand the structure of 
the blood. Secure a compound microscope, a glass slide, a cover glass, 
a Bunsen burner or alcohol] lamp, and a needle. 

After sterilizing the needle, by heating it in the flame, prick the 
skin in some soft place in the hand and cause a slight flow of blood. 
Mount a drop of the blood on a slide by touching the slide to the 
blood, cover it with a cover glass and mount under the low power 
of the microscope. 

Note the great numbers of small straw-colored circular bodies 
floating in the water. They are shaped like pennies with their 
edges rounded and their centers slightly hollowed. Find numbers. 
of them piled up as you would pile pennies. These objects are the 
red corpuscles. Our blood is red. Why are not these corpuscles 
red? It is because you see them singly here. It takes millions 
upon millions of them together to give a red color. It is figured 
that there are more than 5,000,000 of them in a drop of blood as 
large as a pinhead. Can you find any somewhat irregular color- 
less cells? They are the white corpuscles of which there is one to 
about every thousand red corpuscles. Make any other observa- 
tions that you can about this blood. 

Write out in your Science Discovery Book a full description of 
red blood corpuscles. What do you suppose their value to be to the 
human body? 


2. How Foops Arg CARRIED TO THE CELLS 


470. The Function of the Blood and Its Circulation. — The 
blood is probably the most important tissue of the whole 
body. It isthe very life of the body and when more than one- 
third of it is suddenly lost, death ordinarily follows. It is 
composed of solids (the red and white corpuscles) and a 
liquid (the plasma), which in turn contains serum (sé’rdim), 
anti-bodies, blood plates, soluble foods, dissolved minerals, 
enzymes, internal secretions, and fibrinogen (fi-brin’é-jén). 
Try to find out the function of each of these parts. The red 
corpuscles carry oxygen to the cells and carbon dioxide away 
from the cells, while the white corpuscles destroy bacteria 
which may get into the blood stream or among the body cells. 


William Harvey (1578-1657) 


Born at Folkstone, in Kent, of a London family of great respecta- 
bility, Harvey was sent to Cambridge at the age of fourteen. At nine- 
teen he traveled in France, Germany, and Italy. In Italy he began the 


Popular Science 
Monthly. 


study of medi- 
cine, at Padua, 
under the instruc- 
tion of Fabricius. 
. Fabricius was a great 
,anatomist and showed 
Harvey that the veins 
possess valves. 
Obtaining his medical degree 
in 1602, Harvey returned to 
England to practice his profes- 
sion. Meanwhile he was constantly 
thinking of the valves in the veins 
and what they might teach him. His 
many experiments led him to believe in the cir- 
culation of the blood. He announced his dis- 
covery in 1616. It aroused great opposition and jealousy and almost 
ruined his medical practice. But after twenty-five years of constant 
lecturing and demonstrations he lived to see his ideas completely ac- 
cepted. He died in 1657, leaving to the world the discovery which 
became the basis of all our knowledge of disease infection, cell respi- 
ration, cell nutrition, excretion, and general life functions. 
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This blood stream, containing all the above-named sub- 
stances and many more, must pass in close contact with every 
cell of the body, since it carries food, oxygen, and other 
needed materials to these cells and takes away from them 
water, carbon dioxide, and wastes containing nitrogen. You 
might compare the blood going out to the cells to a big deliv- 
ery wagon, delivering supplies (oxygen and food) to the 


Red Corpuscles 
Tisste Celle 


Capillary h Tube 
ingle ak 
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FicurE 289.— THE Bopy CELLS AND THE BLoop, 


Note direction of blood flow. What substances leave the blood? Where 
do they go? What are they then called? What substances go into the 
cells? What pass out of the cells ? 


consumers in the suburbs (cells) (Fig. 289). The same blood 
then acts as a garbage cart, taking wastes from the different 
parts of the body (cells) to the places where these wastes 
are to be eliminated from the body. The lymph! (limf) is a 
middleman which carries materials from blood to cells and 
from cells to the blood. (Study Plate V.) 


1 Lymph is plasma (minus the red corpuscles) which has escaped 
through the walls of the capillaries, carrying materials valuable to 
the cells. It also carries wastes from the cells to the capillaries. 
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Puate V.—Patrs or THE Buoop IN THE Bopy. 


(1) Follow the arrows and trace the complete circuit of the blood 
about the body. (2) How many circuits are possible? (3) Give the 
function of each part named in the above picture. (4) What does 
the blood give up or get rid of as it passes through M,8, Y, G, and 
X? (5) What does the blood pick up or gain as it passes through 
M, Q, 8, X, and G?_ (6) What does the blood give to and take 
away from H? (7) Tell the story of the adventures of a red cor- 
puscle and a bit of plasma as they pass around through the body. 
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The blood, then, as it passes through the villi, takes up the 
digested proteins and the sugars and carries them first to the 
liver, where some of the sugar is stored in the form of animal 
starch or glycogen (gli’k6-jén), to be used when needed. It 
then passes with the proteins to the right auricle of the heart 
to be pumped through a valve into the right ventricle (vén’tri- 
kl). A-succeeding beat of the heart forces the blood through 
a large artery (pulmonary) to the lungs, whére it gives up 
much of its carbon dioxide and some water, receiving in re- 
turn a new supply of oxygen. The red corpuscles are here 
very important. Why? The blood now flows through the 
pulmonary veins to the left auricle of the heart, thence through 
the valve to the left ventricle, where it is forced into the 
aorta (a-dr’ta), the largest artery in the body, and through 
its branches to every cell in the body. In the capillaries 
which connect the ends of the arteries with the veins the 
exchange of substances takes place. The blood then re- 
traces its path through veins to the right auricle of the heart 
again, occupying from thirty to forty-five seconds in its 
complete circuit around the body. (Study Plate V.) 

The fats, on the other hand, are picked up by the lacteals 
(1ik’té-dlz) in the villi and carried by tubes through a special 
system which ends in the thoracic (thé-rds’ik) duct. This 
duct carries all the fats to a point in the neck and empties 
them into the jugular vein, where the blood is flowing with 
some force. This process prevents the clogging up of the 
capillaries and the fats are well distributed to all the cells. 
Study Plate V until you understand circulation of the blood. 


Laboratory Exercise: Problem: To understand how blood cir- 
culates in a tadpole’s tail. 

Secure a compound microscope, a small tadpole, jar of water, and 
one foot of 1-inch gauze bandaging. 

Place the tadpole on a glass slide and loosely wrap the bandag- 
ing, well soaked in water, about the slide and the body of the tad- 
pole, leaving the tail exposed. Mount the slide under low power. 


Focus under high power. 
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Do you see any objects which resemble the corpuscles observed 
in the human blood? Do they differ from them in any way? Are 
the corpuscles of man and the tadpole alike? How different? Note 
that these corpuscles are flowing in a liquid (the plasma). Do you 
note the blood vessels? Are these vessels all of the same size? 

‘Does the blood flow in the same direction in all of them? Select 
the largest vessel you can find. This is probably a small artery. 
Note the corpuscles flowing from it into a very small vessel. Do any 
of them have to go in single file? Why? Do you note any of them 
caught on a bend of the vessel and bent almost double before they 
get by? These vessels are capillaries. Watch the corpuscles pass 
into larger vessels. These are veins. In what direction with refer- 
ence to the heart is the blood flowing in the artery? in the veins? 
in the capillaries? 

Do you note a pulse? What causes this? Where is it most 
noticeable? Where is it least noticeable? Explain this. Why 
would a pulse in the capillary be dangerous? Why would it inter- 
fere with the work of the blood? Explain fully with the help of 
your teacher. 

Explain how blood circulates in a tadpole’s tail. 


471. Summary of Circulation. —It is plain that the 
capillaries, the lungs, the small intestine, and the heart are 
the most important parts of the circulatory system as far 
as you have studied it. Keeping this in mind and studying 
the diagrams, tell what changes take place in the composition 
of the blood as it passes through the first three of these places 
and tell why each of these structures is important. The real 
exchange of substances goes on in the capillaries, lung sacs, 
and villi, because they are all but one cell thick. The 
plasma leaks out through the walls of the capillaries, 
carrying with it oxygen and nutrients for the cells. It is 
now lymph. The cells absorb the oxygen and food. How- 
ever, the blood system is a closed one, having no openings, 
and it is only by accident that some of the blood stream 
finds an outlet to the outside, by a rupture or cutting of the 
skin, thus severing a capillary, a vein, or sometimes an artery. 

472. Aids to Body Processes. — There are many internal 
secretions called hormones (hér’monz), produced by ductless 
glands, which have the power to make certain organs of the 
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body perform their special functions in a proper manner. 
Some of these hormones are insulin (in’sti-lin), secreted by 
the pancreas; thyroxin (thi-rdk’sin), produced by the thy- 
roid gland in the neck; and adrenalin (A4d-ré’ndl-in) made at 
the top of the kidneys. Try to find out the function of each 
juice. 

3. HYGIENE OF THE BLoop SysTEM 


473. Cuts and Bruises. — A small cut means the severing 
or bruising of many capillaries, and the blood simply oozes 
out. Cleaning the part 
with pure warm or cold 
water, touching it with 
iodine solution, and 
covering with sterilized 
bandaging generally 
means the end of the 
matter. A deep cut may 
mean the severing of a 
vein, which is indicated 
by an abundant but 
steady flow of blood. 
The cutting of an artery 
is recognized by the in- 
termittent spurting of 
the blood. Can you ex- FicurE 290. — THE TouRNIQUET. 
plain this difference in Note the knot and the stick. The band- 


flow? In both cases, a age must go about the cut, the knot over 


tourniquet (toor’ni-két) the cut artery or vein, and the stick tighten 
2 the knot by twisting it. How tightly should 
(Fig. 290) should be the knot be twisted ? 


made and at once ap- 

plied always, between the cut and the heart in arterial bleed- 
ing and between the cut and the body extremities im venous 
bleeding. Explain. Study Figure 290 and learn how to apply 
the tourniquet. In portions of the body where a tourniquet 
cannot be applied, use thumb pressure at the proper spot. In 
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all cases of heavy bleeding a physician should be summoned 
at once. How can you stop nose bleeding? 

The clotting of the blood is the thing sought in every case 
of bleeding. ‘This is brought about by the formation in the 
blood when exposed to the air of a sticky, jelly-like mass of 
fibers called fibrin. This fibrin soon forms a scab, which 





P= Pyramids 
M= Medullary region 


A B 
FicurE 291.— THE STRUCTURE OF THE KIDNEYS. 


A, a kidney split in half. In the pyramids urine is extracted from the 
blood, carried through the medullary region into the pelvis, thence into the 
bladder through the ureter. B, a pyramid much enlarged. 


drops off when the wound is fully filled up with new tissues 
formed from materials which are furnished by the blood. 

To open a hole in the circulatory system of the human 
engine is like cracking a cylinder, or bursting a gasolene tank 
or smashing a radiator in an automobile. It seriously inter- 
feres with all work, unless at once repaired. 

474. Body Wastes. — In the human engine (1) the lungs 
function as a very important waste station where the elimina- 
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tion of much carbon dioxide and water occurs. (2) The skin, 
rich in capillaries, is a general waste station. Slight traces 
of carbon dioxide, great quantities of water and salt, and 
traces of nitrogenous materials are eliminated through its 
pores. The amount eliminated depends upon the body tem- 
perature, the surrounding air, and the kind of work the body 
is doing. With these surface wastes goes the excess heat of 
the body, and we are cooled by the evaporation of perspira- 
tion. (8) The third general waste station consists of the 
kidneys, where urea, uric acid, products of putrefaction from 
the intestines, and water are extracted from the blood, 
formed into urine (ii’rin), accumulated in the bladder, and 
given off from the body at intervals through the urethra 
(a-ré’thra) (Fig. 291). 

475. Hygiene of the Excretory System. — Torun smoothly 
and efficiently, an automobile engine must be kept free from 
carbon deposits. It is just as necessary to keep in perfect 
condition the human engine waste stations. You can help 
to keep the lungs free from disease germs and foreign matter 
by taking at least twelve deep breaths every day, in the open 
air, and standing as erect as possible while doing it. The 
skin can be kept toned up by bathing in warm water at least 
twice each week to remove the accumulated wastes upon its 
surface. Also cold shower baths, taken each day if possible, 
stimulate the action of the capillaries and increase the flow 
of blood through the skin. Drinking plenty of water helps 
the kidneys dissolve and filter out the wastes through their 
tubules, and by eating sparingly of proteins no strain will be 
placed upon the kidneys in removing urea from the blood. 
Plenty of exercise will help the liver and intestines remove 
their wastes also, and total abstinence from the use of alco- 
holic stimulants will prevent the breakdown of these organs. 


4. IMPORTANCE OF THE TEETH 


476. The Teeth as the Foundation of Bodily Health.— 
Few people use their teeth to do thoroughly the thing for 
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which they were intended, — the chewing of food. Unless 
food is thoroughly mixed with the saliva all other digestive 
processes are poorly carried on, absorption is not complete, 
and the body is undernourished. This means a reduced 
bodily resistance to disease. Other chronic (kr6én’ik) disor- 
ders often follow poor digestion. It is now sufficient to say 
that thorough mastication of food is a habit, which everyone 
ought to form because it means greater health and happiness, 
and a longer life. 

477. Structure of the Teeth. — Everyone should know 
something of the structure of his teeth so that he may take 
proper care of them. While the teeth in your jaws differ 
somewhat in appearance and in their special functions, yet 
their general structure is the same. Study the diagram of a 
tooth (Key Picture 19), and answer the question upon it. 

478. Danger Signs. — Some people are foolish enough to 
crack nuts with the teeth. Others accidentally break the 
enamel (én-im’él) by biting upon hard foreign substances in 
the food or weaken it by too hot or too cold liquids. Again, 
food is allowed to lodge between the teeth which, in putrefy- 
ing, gives off certain acids. These gradually destroy the 
enamel, producing a cavity and exposing the dentine (dén’- 
tin). The first sign of this condition is an ache. If not at 
once stopped by proper cleaning and filling by a competent 
dentist, the tooth breaks down, the crown is destroyed, and 
heroic measures are necessary to save what is left of the 
tooth. This means more pain and greater expense. Finally, 
the tooth is gone, a stump remains, or an enormous cavity 
must be filled with an artificial tooth. In just the proportion 
that one neglects a decayed tooth, in just that proportion will 
the expense and pain increase. 

479. Care of the Teeth. — To prevent decay — for pre- 
vention is always better than cure — the following rules 
should be followed: (1) Be careful to avoid chewing upon 
any very hard substances when you eat. (2) Thoroughly 
clean the teeth at least once each day. (3) Visit a dentist 
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in whom you have the greatest confidence at least once every 
six months, have the teeth looked over, cleaned, and all 
cavities filled. Such rules if followed will result in (1) little 
or no toothache, (2) little discomfort while in the dentist’s 
chair, (3) relatively low dental bills, and (4) more comfort, 
better digestion, lack of an offensive breath, and a great re- 
duction in the number of cases of inflammation of the throat, 
stomach, and intestines. { 

480. Constipation and Indigestion. — Constipation, which 
is the infrequent and difficult moving of the bowels as a result 
of the hardening of the refuse in the large intestine, is largely 
traced to the improper chewing of the food, which may in 
turn be due to poor teeth or hasty eating.1. Foods which 
reach the same intestines in lumps cannot be easily absorbed. 
A rapid putrefaction of the refuse and undigested foods then 
begins. Poisons or toxins are soon given off in the form of 
gases and liquids, which are absorbed into the blood and car- 
ried through the body, resulting in headaches, indigestion, 
offensive breath, and general inability to do work. 

This is a serious condition and makes necessary the use 
of (1) more vegetables, fruits, and ‘‘ roughage ”’ in our daily 
diet, and rarely (2) physic or a purgative to soften the in- 
testinal contents. Both methods will increase peristalsis. 
Which method is better? 

Indigestion is another chronic condition of the alimentary 
canal due to lack of sufficient juices to digest a large quan- 
tity of food eaten. But this lack is largely due to rapid 
eating of food. The condition often results in catarrh of the 
whole intestinal tract and lack of power to resist disease. 
Such conditions can be generally remedied by forming proper 
habits of eating, by the selection of a proper diet, and the 
calling in of a competent physician. 

481. Head and Stomach Aches. — Headaches are gener- 
ally caused by indigestion or constipation, which in turn are 


1 Other causes of constipation will be found under Handicaps in 
Section 482. 
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often the result of too rapid eating. A common remedy is 
the headache powder, which is dangerous. Why? One 
should seek the cause of the headache and, if possible, remove 
it. A change in habits of eating, the use of a large quantity 
of fruits and vegetables, a purgative or plenty of exercise, 
and the drinking of large quantities of water will often relieve 
the situation. If not, the eyes or nervous disorders may be 
the cause; in that case an oculist or physician should be 
consulted. 

“‘ Stomach ”’ aches are generally caused by the formation of 
gases from improperly digested foods lying in the stomach, 
which cause pressure and pain. A glass of hot water and 
bicarbonate of soda (half a teaspoonful) will often relieve 
this condition and neutralize the excess amount of acids in 
the stomach which cause what is known as a ‘“‘ sour stomach.” 
If the hot water with soda or ginger does not give relief, a 
physician should be called. 


5. CARE OF THE HuMAN ENGINE 


482. Aids and Handicaps to Body Efficiency. — Any ath- 
lete worthy of the name knows that he must follow certain 
-hard and fast rules to enable him to compete successfully 
with other athletes. There are aids and handicaps to his 
success. Training aids him. Hot weather handicaps him. 

In your daily life you also have aids and handicaps which 
profoundly affect your general well-being and efficiency. 
Some of these have already been mentioned. They may well 
be summarized below. 

Aids: 1. Plenty of good, wholesome food. This has already been 
emphasized and needs no further discussion here. 

2. Plenty of exercise. In order to increase blood circulation, 
body activities, and to tone the muscles, one should walk or play at 
least one hour each day in the open air. Headaches and indiges- 
tion are all results of under-exercise. 

3. Sleep. With the exercise comes the action of muscles, which 
are thus burned out and in turn fill up with toxins or wastes. To 
permit the body to remove all wastes and take them to the excretory 
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organs requires rest and plenty of it, — 8 hours of sleep for every 
growing boy or girl and 15 minutes extra for each year one is below 
20. Sleep also allows the body to rebuild the worn-out cells. 

4. Emotional control is essential to suecess. More about this 
may be read in Chapter XX. One who cannot use his or her will 
to control the emotions will be in an exhausted state a large part of 









Popular Science Monthly. 


1. Take vigorous outdoor exercise 2. Avoid overeating. Don’t eat too much 
daily. meat or pie. 


bs Nan 





Popular Science Monthly. Popular Sctence Monthly. 


3. In the morning take a cold dip, then a 4. Get plenty of sleep in a well ventilated 
brisk rub. room. 


Figure 292,— Four GutpEPposts To HEALTH. 


the time. Be calm! Do not get excited! Keep your emotions 
under control! 

5. Proper cleansing of the body. This is treated at length in a 
later chapter, but it may well be emphasized here. The excretory 
organs should be kept clean by frequent and regular emptying of 
the bowels and bladder. This aids in internal cleanliness. Failure 
to do this means headaches, constipation, and other evils already 
mentioned. 
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6. Proper eating of food. Slow eating is an aid to health. It 
means proper digestion and absorption and the full use of the food. 
It is also economical. Explain. Too many people dig their graves 
with their teeth, Explain. The slow sipping of liquids is necessary 
also as an aid to digestion. 
Washing down the food with 
water or other liquid is little 
less than a crime against 
the body. 

Handicaps: 1. Overeating 
is a common handicap to 
efficiency. He who leaves 
the table in a physically and 
mentally logy condition is 
of little use to himself or 
to anyone else. Too much 
food acts as poison to the 
body. The cells can use a 
certain amount of food and 
no more. Over-eating is 
poor economy. Why? 

2. Late hours are tremen- 
dous handicaps to efficiency. 
The night prowler among 
the young never forges 
ahead in his life ealling. 
Body wastes are accumu- 

Ficure 293. —Tue Discus THROWER. lated during both day and 

The Greek athlete pictured as the ideal night to be eliminated and 
type of bodily strength and vigor. How the result is that such per- 
did he accomplish this? He probably fol- sons fall an easy victim to 
lowed rules very similar to the 16 rules of disease because their powers 
health. What hedid you can do. Tryit. of resistance to disease are 

brought to a very low stage. 

3. Overwork. Few of us are guilty of this, but it is a danger 
nevertheless. Most accidents occur to people who are under con- 
tinual strain, either mental or physical. Continuous, monotonous 
work is deadening, especially with long hours, and if this cannot be 
avoided, the work should be changed. The worker is of more im- 
portance than the job. 

4. Excitement. Life has become so full of such wonderful interests 
that many people are forgetting how best to use their leisure time. 
Good health demands periods of repose, not merely sleep, wherein 
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the body and mind may be occupied with the calmer, more serious 
things of life. Movies, dances, parties,—all have a place in our 
pleasures but they must be of the right sort and taken in moderate 
doses. The growing boy or girl cannot afford to use up his nervous 
energy and muscular powers in ‘“chasing’’ excitement. Can you 
prove this statement? 

5. Tobacco. This has been mentioned before and will be dis- 
eussed again. The ‘‘ Little White Slaver’’—the cigarette—is a 
terrible handicap upon the young of to-day. Read. what Thomas 
Edison says of it. If you will not believe what he says, you will 
believe no one. 

In a letter to Mr. Henry Ford he says: 


The injurious agent in cigarettes comes principally from 
the burning paper wrapper. — It has a violent action on 
the nerve centers, producing degeneration of the cells of 
the brain, which is quite rapid among boys. Unlike most 
narcotics this degeneration is permanent and uncontrol- 
lable. I employ no person who smokes cigarettes. 

Yours, 
Thos. A. Edison. 

No further comment is necessary. 

6. Alcohol. This is the worst handicap of all. It enslaves. It 
breaks down the will power. Itis an economic waste. It costs the 
public untold millions. It is a frequent destroyer of character and 
success. It shortens life. 

See what the Life Extension Institute says: 


SAYS TESTS REVEAL ALCOHOL 
A LIABILITY 
Director of Life Extension Institute Denies 
That Moderate Drinkers Live Longer 
Dr. Fisk at the Annual Conference of 
Social Work at Toronto said that the in- 
creased death rate among occasional users 
of alcohol is 19%; the increased mortality 
among the daily users of beer is 33%, while 
the increased mortality among the daily 
users of whiskey is 66%. 
— New York Times, June 30, 1924. 


It is for you to determine what your own bodily condition and 
state of health shall be. By closely following the four guideposts to 
health (Fig. 292), by- making the 16 rules of Health (p. 580) your 
daily routine, and by refusing to indulge in the handicaps outlined 
above, you can practically assure yourself (barring accidents) a long 


and happy life. 
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DO YOU LIVE BY THE 16 RULES OF HEALTH? 


The 16 Rules of Health 


. Ventilate every room you occupy. 
. Wear light, loose, and porous clothes. 
. Seek out-of-door occupations and recreations. 
. Sleep out, if you can. 
. Breathe deeply. 
. Avoid overeating and overweight. 
. Avoid excess of eggs, flesh food, salt, and highly seasoned 
foods. 
. Eat some hard, some bulky, some raw foods. 
. Eat slowly. 
. Use sufficient water internally and externally. 
. Evacuate thoroughly, regularly, and frequently. 
. Stand, sit, and walk erect. 
. Do not allow poisons and infections to enter the body. 
. Keep the teeth, gums, and tongue clean. 
. Work, play, rest, and sleep in moderation. 
. Keep serene, — don’t worry. 
— The Life Extension Institute. 





SUMMARY 


The human engine prepares food by attacking it in the alimentary 
canal with several ferments or digestive juices, which make it soluble. 
The starch is changed to grape sugar by the saliva in the mouth and 
the pancreatic juice in the small intestine; the proteins are changed 
to peptones by the gastric juice in the stomach and the pancreatic 
juice in the small intestine; the fats are emulsified and changed into 
fatty acids and soaps in the small intestine by the bile and the 
pancreatic juice; while the cane sugar is changed to grape sugar 
by the intestinal juice. Mineral matter is dissolved in the stomach 
and in the intestines. Practically all digested foods are absorbed 
by the villi and are carried either directly or indirectly into the 
blood stream, to be sent through the circulatory system — consisting 
of heart, arteries, veins, and capillaries —and thence, with the help 
of the lymph, to the cells, where they, together with oxygen, are ab- 
sorbed by the cells by osmosis. 

The food is built up into the cells by assimilation and is then oxi- 
dized to release heat for growth and bodily functions. The wastes. 
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consisting of water, carbon dioxide, nitrogenous wastes, etc. are with- 
drawn from the cells and carried by the blood to special organs of 
excretion, such as the lungs, skin, and kidneys. 

The teeth are the foundation of bodily health. Good teeth aid in 
good digestion, complete absorption, and an active and healthy 
body. Bad teeth often cause poor mastication, indigestion, consti- 
pation, poor health, and loss of efficiency. For this reason the teeth 
should receive special care by frequent and regular cleaning, ex- 
amination by competent dentists, and filling when necessary. 
Probably a majority of all the bodily diseases are traceable directly 
or indirectly to bad teeth. 

The general efficiency of the body depends, then, on good teeth, 
proper foods and proper methods of using these foods, proper amount 
of sleep, the drinking of much water, plenty of exercise in the open air, 
plenty of air while sleeping, and the non-use of stimulants and narcotics. 
Ninety per cent of those who follow out the suggestions in this 
paragraph will have healthy bodies and a large amount of energy, 
and will be able to do efficient work. 


Remember that: 


1. The human body is an engine. 

2. The human engine must have certain kinds of fuel to do its 
best work. 

3. The human engine must release a certain amount of heat 
obtained from selected fuel if it is to do its best work. 

4. Good teeth are a fundamental necessity for the proper running 
of the human engine. ‘ 

5. The human engine must be aided by the observance of definite 
rules of hygiene in order that it may do its work well and remain in 
a condition of comfort and happiness. 


THOUGHT QUESTIONS 


How will drinking much ice water affect digestion of food? 
Why is warm soup valuable at the beginning of a meal? 

Why should one eat some raw food every day? 

Give directions for stopping the following: Nose bleed; 
Bicadare: artery; bleeding vein. Explain each treatment. 

5. Make a first aid study of the treatment of cuts and bruises. 
Practice on a friend the use of bandages and explain your methods 
to the class. 

6. Tell where each nutrient in a cheese sandwich is digested, 
by what enzyme each nutrient is acted upon, and into what each 
nutrient is changed. 


ee 
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7. If an artery were accidentally cut, where would you place the 
tourniquet? Explain. Where would you place the tourniquet if a 
vein were cut? Explain. 

8. Secure from an insurance company figures to show the effects 
of aleohol and tobacco on the expectancy of life and report to the 
class. 

9. Secure statistics of the effect of tobacco and alcohol on schol- 
arship in school and report to your class, giving reasons for the points 
you make. (Secure booklets from the Scientific Temperance Fed- 
eration, 73 Tremont St., Boston, Mass.) 

10. Why is it wrong to wash down food with a liquid of any 
kind? 

11. A boy said: ‘‘ Watch me get on the outside of this apple.” 
He then ate the apple. Was he correct in his statement? Explain. 

12. Capillary walls are but one cell thick. What is the advan- 
tage of this? 

13. Could a man live without a stomach? Explain. 

14, ‘ Old age and dyspepsia go hand in hand.”’ Explain. 

15. ‘‘ An army marches on its stomach.”’ Explain. 

16. Every cell in the body needs oxygen and food and must get 
rid of its wastes. How is this accomplished in the case of a muscle 
cell in your big toe? 

17. Why is it wrong to begin eating when the body is overtired or 
the mind is in a state of excitement? 

18. Why will bacteria and other parasites grow better in the small 

and large intestine than in any other part of the digestive system? 


SPECIAL PROBLEMS 


1. Make a study of the alimentary tract in your body. 

a. Carefully study the parts of the alimentary canal in a mounted 
dissected toad or frog. Copy and label all the parts in your Science 
Discovery Book. 

b. Study the alimentary tract or canal in a human manikin or 
chart. Copy and label all parts. Compare with frog tract and 
connect similar parts with common labels. 

c. Draw lightly with chalk the path and parts of the alimentary 
canal upon the coat of one of your class members who has a black 
suit of clothes. Note the corrections by the teacher. Make a 
rough sketch of the human trunk upon the blackboard and put in the 
alimentary tract, labeling all parts and giving their functions. 
Copy the best drawing upon the board into your Science Discovery 
Book for reference. 
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2. Study the structure and parts of a human tooth. 

a. Note the teeth of a dog, cat, horse, cow, rabbit, guinea pig, or 
other animal. Does it have more than one kind? Do the teeth of 
one kind of animal differ from those of another? Observe the food 
each kind of animal eats and see if you can find a reason for the 
difference in dentition (arrangement of the teeth). 

b. Study your own dentition either by observing a human skull 
or your own mouth with the use of a small mirror. Note the num- 
ber of kinds of teeth you find, the total number of-teeth, and the 
total number of each kind. Now see if you can find in your own 
mouth representatives of every kind of tooth found in the dog, 
rabbit,and horse. Does this give you any light on the kinds of food 
the human engine needs? Explain. 

c. Examine the longitudinal section of a human tooth, preferably 
a “canine” tooth. Sketch it. Label the enamel, crown, dentine, 
root, cement, and pulp cavity. Try to work out the use of each 
part. Can you suggest anything based upon your study of this 
tooth that should be done to care for a tooth? 


BOOKS OF SPECIAL VALUE AS AIDS IN THE 
STUDY OF THIS CHAPTER 


Ferguson. A Child’s Book of the Teeth. World Book Co. © 
Hutchinson. Building Strong Bodies. Houghton Mifflin Co. 
Fish and Fisher. How To Live. Funk and Wagnalls Co. 
McFee. Food and Health. T. Y. Crowell Co. 

Rossiter. Romance of a Living Temple. Sully. 

Walters. Principles of Health Control. D.C. Heath & Co. 
Winslow. Healthy Living. American Book Company. 
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Key PicturE 20.— How Your CENTRAL NERvous SysTEM WORKS. 


The man sees the book E by means of the nerves at L. At A his will tells 
him to pick up the book. An impulse travels from the cerebrum, Y, along 
the motor nerve B to the nerves and muscles RD. The muscles contract 
and the book is lifted. This is a voluntary act. If the man learns to use the 
typewriter, he repeats certain voluntary acts until they become automatic. lf 
the man burns his finger in the flame of the candle J, his sensory nerves 
carry a message to the spinal cord. Then the nerves at X cause him to 
withdraw his finger without the command of his will. This is a reflex act. 
F denotes the cerebellum ; MZ, the medulla oblongata ; IX, a section of the 
spinal cord; and C, H, and O, nerve courses. 
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CHAPTER XX 
THE WORK OF CONTROLLING THE BODY 


Then mark the cloven sphere that holds 
All thought in its mysterious folds; 
That feels sensation’ s faintest thrill, 
And flashes forth the sovereign will; 
Think on the stormy world that dwells 
Locked in its dim and clustering cells! 
The lightning gleams of power it sheds 


Along its hollow glassy threads ! 
— Holmes. 


In all your work stop and think. Constantly ask the question: What 
does this fact mean? You may or may not be able to answer the question, 


but that is no reason for dodging té, A 
—V. N. Spalding, 


What do you know about nerves? Have you any 
nerves? Have you any nerve? How can you will to do 
anything? Would you like to know what actually controls 
the body and makes it work? Did you ever form a bad 
habit? Was it easy to break? What do you suppose 


your nerves have to do with habits? Do you suppose that 
you can destroy the power of your nervous system to do 
good work? How do you suppose that the body can be 
trained to act correctly in an emergency? All these points 
will be discussed in this chapter. 





Some Practical Questions : 
1. What is meant by the statement: ‘‘ Practice makes perfect ’’? 
Explain. ; 
2. What is meant by ‘‘ a skilled mechanic’? Explain. 
585 
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3. Why may trained and educated young men receive greater 
salaries than unskilled laborers? 

4. Why do the railroads of this country refuse without a 
moment’s hesitation to employ any man who they know drinks 
alcoholic stimulants? 

5. What makes a person jump when someone shouts suddenly 
near him? 

Home Problem. — Take a penny, place it on a table, reach out 
and touch it several times with the first finger. Then shut the 
eyes and touch it. Repeat this process until you can touch it 
every time with the eyes shut. What has happened in your brain? 
Explain. 

Field Problem. — Study the actions of the members of your 
class. Determine what actions are most common to them all. 
Explain these actions. Observe some action which the teacher 
is trying to make into a habit in the whole class. What is its 
advantage? What is the advantage of this action to you? to the 
teacher ? 


1. Tae Nervous System 


483. Why You Do Things. —If your teacher asks you 
to stand and recite, you do so. Why and how do you do 
this thing? You see some candy in a store window, hesi- 
tate as to whether or not you will spend your money for 
some of this candy, decide not to do so, and pass on your way. 
Why and how do you make this decision? You accidentally 
touch a hot steam pipe, instantly withdraw your hand, and 
exclaim ‘“‘ Ouch!” How and why do you do these things? 
You learn to tie a certain kind of knot. You can now tie 
this same knot with your eyes shut and talk to someone at 
the same time. How and why can you do this thing? 
Have you ever thought much about your actions? (Study 
Key Picture 20.) 

484. Parts of the Nervous System and their Functions. — 
When you think about something at the same time that you 
have a pain in your side, two distinct parts of your nervous 
system are working. The first part is called your central 
nervous system. It consists of the brain and spinal cord, 
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and for that reason is sometimes called the cerebro-spinal 
(sér’é-bré-spi’ndl) system. The second part, which informs 
you of your bodily feelings, is called the sympathetic nervous 
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Popular Sctence Monthly. 


Ficure 294.—How THE BRAIN CONTROLS THE Bopy. 


Tell the complete story here pictured in your Science Discovery Book. Learn 
from it the relation of your nervous system to-your everyday actions. 
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system. When you see and feel, your nerves are bringing mes- 
sages to your brain, where you interpret them. Nerves also 
run from your brain to your muscles. Messages are also 
sent to the spinal cord, which takes messages instantly to 
the right muscles, and the finger or other part of the body is 
moved. With this information study carefully the diagram 
of the nervous system and be able to understand the relations 
of the parts. (Study Key Picture 20.) 

485. Parts of the Brain and Their Functions. — The work 
of the world is done by the brain of man, a mass of nerves 
situated in the head and connected with all parts of the body. 
A careful study of Figure 295 will show you several essential 
parts. 

The cerebrum receives and interprets the impressions you 
receive through your five senses. It also is your thinking 
center, and all voluntary actions begin here. It is believed 
that as we grow older the cerebellum (sér’é-bél’tim) relieves 
the cerebrum of much of its labor by forming habits. It is 
the balancing center. It also causes the muscles all over the 
body to work together and therefore codrdinates our move- 
ments. To think quickly and to move quickly in emergen- 
cies or in doing a special task requiring skill means a full 
development of the cerebellum. The medulla oblongata 
(mé-ditil’é Sb’l5n-ga’td) is located just below the cerebellum 
and seems to be a simple enlargement of the spinal cord 
(Fig. 295). Over this part of the brain we have no control 
except in a general and indirect way. Our breathing and 
heart actions are automatically controlled by this part. The 
contracting and expanding of the blood vessels are regulated 
here. Swallowing, vomiting, secretion of various juices, and 
similar acts are all controlled by this center. It, moreover, 
carries sensations or messages to and from the brain. If 
this part is injured, death results. A person may live with- 
out thinking or without proper codérdination of the muscles, 
but he cannot live without breathing. Injury to the medulla 
oblongata is fatal (Key Picture 20). 


Afferent and Efferent Nerves 589 


486. Nerve Cells and Nerve Fibers. — Nerve cells are 
hike other cells of the body in that they are composed of 
protoplasm, differentiated into cytoplasm (that part of the 
protoplasm which lies outside the nucleus) and nucleus. 
They differ from all other cells in that they are very large 


Parietal Area 








Frontal Area 


FicurE 295.— How THE Brain 1s DivipED INTO Parts. 


Compare this with Figure 294. Why will injury to certain parts of the 
head affect certain parts of the body? 


and have many branches, of which one is generally much 
longer than the others. Observe in Key Picture 20 how 
irregular these cells are. 

487. Afferent and Efferent Nerves. — Some nerves seem 
to run from the organs of the body to the spinal cord and 
the brain, while others run from the brain and spinal cord 
to the organs of the body. The first kind of nerves is 
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called afferent (&f’ér-ent) nerves, meaning “carrying to,” 
while these which carry messages from the brain out to the 
muscles are called efferent (8f’ér-ént) nerves, ‘‘ carrying out.” 
The afferent nerves are always sensory nerves because they 
carry sensations or stimuli from the outside in, while the effer- 
ent nerves are motor nerves because they move the muscles. 
A third kind of nerve which we do not know much about is 
the association fibers which connect nerve cells with one 
another in the brain. 

488. Reflex Action. — If one asks you to look at a picture, 
you use your will power center, located in the cerebrum, and 
turn your eyes to the picture. You may take the picture 
in your hand. In doing these things 
you are using your brain and your 
efferent nerves. Your act is’a volun- 
tary act. It is slow and deliberate. 
But, if a hot steam pipe suddenly 
comes in contact with your hand, a 
message is sent along an afferent nerve 
towards the brain, though it never 
| ; reaches that center. When this im- 
peed at FS pulse reaches the spinal cord, it enters 
freshmen. Which are the posterior root! (see Key Picture 20) 
good? Which are bad? and is automatically connected with 
ea ate the right efferent or motor nerve which 

carries an impulse through the anterior 
root? out to the proper muscles, causing them to contract and 
withdraw the hand from the hot pipe. This is a reflex action. 
Common instances of reflex action are the movement of 
the lower limb when the knee is struck a blow with the legs 
crossed, and the exclaiming ‘ Ouch” when pricked by a 
pin. 


FIGURE 296.— Goop 
AND BAD POSTURE. 


1That part of the gray matter of the spinal cord facing the back 
of the body and receiving messages from the body surface. 

2 A prong of gray matter facing the front of the body, which sends 
out messages to the body organs. 
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2. Ture NATURE AND IMPORTANCE OF HABITS 


489. Habit Formation. — Another set of acts which are of 
great value in protecting the body and in making you success- 
fully fit into your environment is the formation of right 
habits. Habits are sometimes called automatic acts or ac- 
quired reflexes. It took a long time for you to learn to eat 
with a knife and fork, to tie up your shoes, to walk, to talk, 
and to write. Now these actions. are ‘‘ second nature’’ for 
you. : 

If you have formed a bad habit the only way to break it is 
to form a good one in its place. Thus one can train him- 
self to begin school work at a certain hour, to eat slowly, 
to wake up at a certain hour, to be courteous, to be fine 
mannered. To form good habits, then, you should: 


1. Always act in the right way. This wears the path. 

2. Use all your will power to make yourself do what you ought 

to do. 

3. Never allow yourself to omit doing the repeated act. 

4. Keep at the task until the act becomes automatic. 

In this way you can form your character. Character is 
a bundle of habits. (What do we mean, then, when we say 
* that a man or a woman, a boy or girl has a fine character?) 

Acts repeated make habits. 
Habits followed make character. 
Character lived makes a destiny. 

490. The Value of Forming Right Habits. — The value of 
your nervous system in making you an efficient individual 
depends upon how you use it, what you do with it, how 
you take care of it. After the age of fifteen most boys and 
girls begin to be able to do hard tasks well with their brains. 
It is then that good and bad habits become very important. 
The habits of an upright, graceful walk; of speaking dis- 
tinctly ; eating slowly; of keeping the hands and nails ciean 
are all hard to form, but once formed, they last through life. 

The advantages of forming right habits are many. 
(1) Habits save the brain time and energy, freeing it to 
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learn new things. (2) Habits give one time to do things in 
a deliberate and fine way. (3) Habits save one much time. 
How? (4) Habits make one skilled in any line of work he 
may choose to follow. (5) Habits make one of greater 
value in the work of the world. Experts in any line of 
work are trained to do their work in an efficient manner 
through the formation of right habits. 





FicuRE 297.— THE VALUE OF HABIT FORMATION. 


Two recruits ‘‘ before and after’’ taking five months of military training. 
The camera tells the story. Name some factors that produced this result. 


3. HANDICAPS TO THE NERVOUS SYSTEM 


491. Alcohol and the Nervous System. — Nerve cells are 
composed of protoplasm. Protoplasm contains protein mate- 
rials. What is the effect of alcohol on both these materials? 

Demonstration 51: Problem: How does alcohol act upon proto- 
plasm and proteins out of which protoplasm is made? 


Materials: A culture of protozoans (paramecia); a compound 
microscope; slide and cover glass; atest tube; alcohol; egg white. 
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Method: A. Place a few drops of the protozoan culture on the 
slide and cover with cover glass. Focus under the low power and 
observe. Note the rapidity of action of these animals. Note the 
protoplasm of the cell. Now place under the cover glass a drop of 
alcohol. Observe effect of the alcohol upon the movements of the 
animals and upon the protoplasm itself. 

B. Place a little of the egg white in the test tube and pour into 
the tube about a spoonful of alcohol. Shake the tube and note 
effect upon the protein. 2 

Observations: Was the action of the protozoans quickened or 
retarded? What caused this? Was the protoplasm affected in 
any way? Explain. What happened to the egg white? 

Conclusion: Give three effects of alcohol upon living tissues. 
This demonstration is important. Keep its record in your Science 
Discovery Book. 


If alcohol acts upon protoplasm in the way you have ob- 
served, what do you think might be its effect upon nerve 


sells which are made of 
protoplasm? Alcohol prac- 
tically destroys nerve 
tissue, if applied to it long 
enough, just as it destroyed 
the protozoans. 

The first effect of alcohol 
upon the nervous system 
is one of stimulation. The 
mind becomes temporarily 
active, due to the dilation 
of the brain blood vessels. 
But such effect is only tem- 
porary. Alcohol tends to 
destroy the nervous and 
muscular vitality of the 
body. Continued use par- 
tially paralyzes the nerve 
centers and the cerebellum, 
with a consequent loss of 
will power and self-control. 


SKILL AND ENDURANCE IMPAIRED 
BY DRINK 
Tests In Target-Shooting in Swedish Army 


I. SKILLED TESTS 
Thirty shots fired in quick succession 


Non-Drinking Days: Average 24 hits out 


of 30 shots 
ays 1s rae 8 out o 


Alcohol taken equal to amount in 114 to 2 
ints of 5 per cent beer, 20 to 80 minutes 
fore shooting, and an equal amount the 
night before 
Il. ENDURANCE TESTS 
a a Days: 860 shots fired be- 
ore €. 


xhaustion 
Drinking Days: Ledecneg fired before ex- 


Alcohol taken 30 minutes before test was 
amount contained in about 114 pints of 
4 per cent beer 





FicurE 298A.— ALCOHOL AND SKILL, 


This diagram tells its own story. 
Explain it. 
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492. The Effect of Alcohol upon the Ability to Work. — 
The effect of alcohol upon muscular activity has been shown 
to be depressing by many experiments. 


In the English army, it was found that when a ration of rum was 
served the men, they at first marched more briskly than the men 
not so rationed, but after about three miles of marching, the stimulus 
of the aleohol had worked off and these men lagged behind the 
others. 

A second ration of rum caused them to lag behind sooner than 
before, but when these same men were rationed with beef tea they 
were stimulated and they could withstand many miles of marching 
without great fatigue (Fig. 298a). 

Most athletic trainers will not tolerate the use of aleohol by ath- 
letes. To do so means loss of membership on any team worthy of 
the name. The National League managers are so strict on this 


AverOgs Agee S °° 
Monday 21.37% 
AN Other Waking pes ES 
All Other Working Days 15.1% 
FIGURE 298B.— ALCOHOL AND ACCIDENTS. 
Explain what this graph tells. 


point of total abstinence by the players that they will not keep any 
man on the pay roll who is known to drink during the playing 
season. Too much money is at stake to take chances on the poor 
playing of a man made inefficient by liquor. 


493. The Economic Effect of the Use of Alcohol. — Now- 
adays it is exceedingly difficult for the drinking man to 
secure a steady job. It costs too much to take risks on him. 
If such a man gets a job, he holds it but a short time because 
of his inefficiency. 


56% of all mine owners will not employ a man who drinks alcohol ; 
72% of the farmers will not hire an alcohol user; 79% of manufac- 
turers will not give a drinker a job; 89% of the trades will not take 
a chance on an alcohol user; while 98% of the transportation lines 
will not keep a man on their pay rolls who is known to drink. 

One engineer who ran past a stop signal on the Delaware and 
Lackawanna Railroad because he had been drinking caused the loss 
of 40 lives, the injury of 75 more persons, and a cost to the rail- 
road in damages of many thousands of dollars (Fig. 298b). 
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Careful estimates show that from one-fourth to one-half 
of the insane in the asylums of the state of New York were 
made so by alcohol. Their 
cost to the state each year 
is about $2,500,000. The Soe 
sober man thinks first and Of Moderate Drinkers Sick, 25 percent die. 
acts last. The drunken 
man acts first and then has 6 pacessive Drinkers Sick, 52 percent die. 
plenty of time afterwards, ie 
in prison, to think about ae 
Beis ht bel A basaih 80% of the FIGURE aE oe a DISEASE, 
men who occupy cells in PS Pe sae, PERE 
the Tombs prison in New 
York admitted that the use of alcohol put them there. 


Of Abstainers Sick, 18.5percent die. 


494. Summary on the Use of Alcohol. —1. Alcohol re. 
duces physical strength, endurance, and work accomplished. 
It leads to insanity. 
It increases accidents, assaults, and crime. 
It reduces the mental powers of persons using it. 
It destroys efficiency in every line of work. 
It causes a high death rate among the children of drinkers. 
It accounts for one-third of the pauperism, one-fifth of the 
divorces, and one-half of the crime in the United States: 


495. Tobacco and the Nervous System. — When smoked, 
tobacco causes a relaxed feeling because it decreases for the 
time being the activity of the brain cells. ‘It does ‘this 
through its poisonous effects upon the cells. “No one knows 
just how much he really pays for a pipe full of tobacco be- 
cause the actual money cost of the tobacco is the least part 
of it. Weare assured, however, that the cost is tremendous, 
for the active element of tobacco, nicotine, is a deadly poison. 
How deadly can be learned by a simple demonstration. 


Demonstration 52: Problem: To determine the effect of tobacco 
smoke upon a fish. 
. Materials: Tobacco pipes; tobacco; a small goldfish in a jar of 
water; a glass tumbler; and a small piece of cheesecloth. 

Method: Fill the tumbler two-thirds full of water and place the 
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fish in this water. Fill the bowl of the pipe with tobacco and light 
it. When it is well lighted, cover the bowl of the pipe with the 
cheesecloth and, holding the stem end of the pipe in the tumbler of 
water, blow the smoke through the stem by placing the lips over the 
cheesecloth and the bowl of the pipe. After each blowing of smoke 
into the glass, stop and observe the results. 

Observations: When does the fish begin to act in a peculiar 
' manner? How does the fish act? How do these actions change 
as you repeat the blowing of the tobacco into the water? What is 
the final result of the blowing? What caused this result? 

Conclusion: Whatis the effect of tobacco (nicotine) upon the fish? 

Practical Applications: A piece of nicotine as large as a pea seed 
if fed to a dog will kill him in a few hours. When used by the 
young who are growing, it is strong enough to check bone and muscle 
growth and it weakens the heart to such an extent that the tobacco 
user is ‘‘ short-winded,’’ and unsteady in his muscular movements, 
Athletic trainers put a ban on tobacco the moment an athlete joins 
a team. To allow smoking in an athletic team means loss of 
victories and disaster to that team. 


496. Effect of Tobacco upon Mental Powers. — Experi- 
ments and observations show that tobacco interferes with 
scholarship. 

Dr. Andrew D. White, formerly President of Cornell University, 
said: ‘‘I never knew a student to smoke cigarettes who did not 
disappoint expectations or who did not ‘ peter out.’”’ A test made 

with 201 boys of the schools 
AMMMMiaa__) of Illinois showed that 45 
of the 124 boys who were 
smokers left school because 
they could not keep up in 
their work; 55 of the smok- 
ers remained in school and 
had an average of 70% in 





FIGURE 299. — SMOKING AND SCHOLARSHIPS. 


Students in Clark College. Black areas 
represent habitual smokers; the shaded 


i ; their work ; 24 of the smok- 
areas occasional smokers; the white areas of fenaoks didiad 
the non-smokers. qu OR Een és 


A, number of students; B, number fail. 9%" 4verage of 80%, while 77 
ing in studies; C, number winning honors. 0n-smokers had an average 
Explain the story here told. of 84%. 

In Clark College it was 
found that one-fifth of the students were habitual smokers. These 
smokers furnished more than half of the failures in the college, 
while the non-smokers furnished less than one-fourth of the failures. 
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One-tenth of the honors were won by the smokers, while over two- 
thirds of the honors were won by the non-smokers (Fig. 299). 

In Yale College 95% of the highest ranking students are non- 
smokers, while the smokers furnished 60% of the students with 
ordinary or poor rank. 

497. Tobacco and Character. — Any influence that tends 
to make the nerves weak and uncertain in their control over 
the muscles is dangerous to the will. It is a noticeable fact 
that young smokers are often nervous and irritable. They 
easily become angered. They easily lose control of them- 
selves. Their will power is weakened and they become less 
and less reliable in business. The youth (boy or girl) who 
looks forward to excellence in athletics, to achievement in 
business, in the professions, to authority and control in store 
or factory or home, will select his or her habits, as well as his 
or her friends, with care and will leave tobacco out of those 
things which are chosen. 


4. How Hasit ForMATION CoNSERVES LIFE 
“Safety First” 


498. Safety and the Nervous System. — In this day of 
business rush and congested traffic in our streets everybody is 
obliged to “‘ watch his step.’’ A person who buys an auto- 
mobile must train his nervous system to think quickly under 
any and every circumstance. 

What is true of the driver is also true of the pedestrian in 
the street. He who has not formed the habit of looking both 
ways before crossing the street will not live long. At block 
intersections he must look four ways before crossing. This 
is essential to-day for safety. Safety, then, is a matter of 
training the nervous system. 

499. How to Avoid Street Accidents. — It is well to think 
just what you would do if you were face to face with a situa- 
tion involving your safety. Then, if the situation arises, you 
are ready to do the thing you ought to do. Afterwards, 
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think over what you did and how you did it. What part of 
your brain would do this? Such thinking trains the nervous 
system to act automatically so that when the need arises, 
you do what ought to be done without losing time in deciding 
what to do. What 
part of your brain 
would act here? 

Some of the habits 
you should form are 
as follows: 


1. Cross the streets 
only at regular cross- 
ings. Do not “jay 
walk.” 

2. Look both ways 
before crossing. 

3. Cross only when 
there is a large gap be- 
tween cars or when the 
traffic is stopped for 
your crossing. 

4. Look to your left 





in crossing the first half 

National Safety Comal of the street and to 

FicgurE 300A.—A DANGEROUS GAME. the right during the 
second half. 


Keep away from dangers like this. One false 5. Train yourself to 
step may. snuff out your life when you run such ; 
ee go forward without 


dodging back if a car 
is coming towards you with such speed that it appears that you can 
not cross after having started. The driver will slow up and pass 
behind you. 

6. In getting off street cars never cross the street behind the 
car until you have looked from behind it to see if a street car or other 
vehicle is coming from the other direction. The same rule applies in 
alighting from automobiles or coming from behind any obstacle 
in the street. 

7. Never try to “hitch on” to any moving vehicle. If the 
vehicle is moving swiftly, you may be thrown to the ground with 
dangerous force and run over by another vehicle, or you may be 
hurled under the wheels. 
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8. Never run into the street in any games or after a ball until you 
have looked both ways to see that the road is free from ears in your 
vicinity. 

9. Never coast into the street on sleds, skates, or bicycles. 

500. Railroads and Street Cars. — Thousands of people 
who are not passengers are killed by our railroads every year. 
They walk the tracks 
and are run down or 
fall under the wheels in 
climbing on to trains. 
The worst accidents are 
those at grade crossings. 

In the case of street 
cars most accidents are 
caused by wrongly 
alighting from the cars. 
This is done especially 
by women. The writer 
has made a special ob- 
servation upon this point 
and fully 90% of the 
women he has observed /F 
alighting from cars use National Safety Council. 
the right hand in steady- Ficure 3008.—Too Mucu RIsK. 
ing themselves and alight A good way to die young. Both boys 
with the face towards 2% taking big chances. Explain. Better 

be safe than sorry! 
the rear of the car 
(Figs. 301a and 301b). Always use the left hand on the bar, 
face forward, and place the right foot first on the ground. 

Jumping moving cars is another cause of accident. Fi- 
nally, care should always be taken in stepping from behind 
a car. Explain. 

501. Fire. — The fire losses in the United States in a recent 
year were nearly $500,000,000. In New York City alone, 
$19,000,000 worth of property was destroyed, 164 people 
were killed, and 207 injured. in over 26,000 fires. A large 
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Ewing Galloway. Ewing Galloway. 


Ficure 301A. — THE WrRoNG Way FicuRE 301B.—THE RIGHT Way 
To LEAVE A CaR. To LEAVE A CAR, 
Why? Explain. Why? Explain. 


Note: Both photographs are of cars whose exits are at the forward end. 


percentage of this loss was due to pure carelessness or to 
a lack of a training of the nervous system in habit forma- 
tion. To prevent fires respect the following simple rules : 


1. Always keep the matches in a metal box and out of the reach 
of small brothers and sisters. 


2. Never throw away a lighted match. Extinguish it before it 
leaves your hands. 

3. Keep all kerosene or other inflammable liquids in an airtight 
metal can away from fire. 

4. Never try to hurry up a slow fire by pouring oil upon it. 

5. Always place ashes in a good metal ash can. 

6. Keep your house, especially the cellar, free from rubbish. 


Prepare for fire by learning and applying the following rules : 


1. Have your home supplied with a pail of water or a fire extin- 
guisher on each floor. Know how to use the extinguisher. 

2. Find out the nearest fire alarm box and think just how you 
would get to it in case of fire. Then, if the emergency rises, you will 
not have to stop to think where the alarm box is. 
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3. Think just how you would get out of each room in your 
house in ease of fire. If the fire comes, you will then know what to do. 

4. Practice first aid in suffocation so that in ease of fire you will 
know how to revive anyone overcome with smoke. 

5. If the clothing of any person is afire or your own is afire, 
wrap a shawl or blanket about the body to cut off the air. Then 
slap or roll the body and pour on water. 

6. If one is burned deeply, apply limewater and linseed oil, 
mixed in equal parts, or sprinkle the burn liberally with a paste of 
baking soda and water. Then wrap loosely with aseptic gauze. 
Never use cotton to wrap a burn. 


502. Water.— Many persons are drowned every year 
because they “‘ lose their heads ” and do not know what to 
do or how to help others in the water. The following rules 
insure greater safety near, in, or on the water. 


1. Learn to swim and dive. 

2. Never try to swim long distances across streams or lakes. 

3. Never stay in the water until you shiver with the cold. 

4. Never go in the water soon after eating a heavy meal or 
when tired. 

5. Never try to dive in shallow water. 

6. Never go far from land unless a boat is near you. 

7. Never stand up in or walk in a boat, or rock it. 

8. When traveling on large boats, always find out where the 
life preservers are located, know how to put them on, and how to 
get to the decks from your stateroom. 

9. In skating, never dare anyone else or accept a dare to skate 
across thin ice. A break through may mean sliding under the ice 
with fatal results. 

10. To rescue a person in the water in the winter time throw 
him the end of a rope'or pass him a board. Keep away from the 
edge of the ice. 

11. When rescuing a person in the summer time, grasp him from 
behind, hold him at arm’s length, and do not let him clutch your body. 

12. In resuscitating a person use the Schaefer method as out- 
lined in Chapter V. Send for a physician. 


503. Bleeding. —In the case of cut veins and arteries 
the following rules should be observed, but drill on them in 
a First Aid Club is the surest way of training the nervous 
system to act correctly in such emergencies. 
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. 1, First determine whether a vein or an artery has been cut. 
How is this:done? 

2. If a vein,-place a tourniquet around the part cut, between the 
cut and the end of-the member affected. Do not draw it too tight. 
- 3. If an. artery’is cut apply the tourniquet between the cut 
and the heart.” Draw it tight and keep it so until a physician 
arrives. 
’ 4. Always place a flat stone or thin block of wood between the 
tourniquet knot and the body to prevent the bruising of the skin 
and other blood vessels. Tighten with a stick through the knot 
(Fig. 290). aa 

5. Administer stimulants in the form of hot coffee or spirits of 
ammonia (one teaspoonful in a glass of water), if the patient shows 
signs of collapsing. 

6. Where a tourniquet cannot be applied, use thumb pressure 
to check the flow. 


504. Poisons. — Under no circumstances should one ever 
take medicine in the dark. All bottles of poison should be 
= labeled ‘“‘ POISON ” (Fig. 302). Itis 
oe well to have an antidote written on the 
label. If one should take poison ac- 
cidentally, quick but  cool-headed 
action is necessary. -To do the right 
thing is a matter of habit formation or 
training. It would be well for you to 
practice in your First Aid Club just 
what you would do under such condi- 
FicurE 302.—A Porson tions. Fun as well as profit can be 

BOTTLE. gotten out of such practice by having 
, All such bottles should various members feign sickness, each 
e plainly labeled and from a different poison. Then the 
Babe Saeed det bead Is should be quick to suggest the 
proper antidote. Study and training alone will tell you what 
ought to be done and how to do it. Learn the following rules : 
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1. Empty the stomach at once by vomiting. To induce vomit- 
ing drink a cup of warm water with a spoonful of mustard mixed in 
it. Then tickle the throat with the finger as far down as possible 
to cause gagging and vomiting. 


Fractures and Sprains 
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2. If carbolic acid or lye has been taken, drink sweet oil or 
Russian white oil to the amount of a small cupful. 

3. For bichloride of mercury, swallow the whites of several eggs. 

4. For iodine, give boiled or baked potato or boiled starch. 


5. Apply a hot water bottle 
to the stomach and wrap patient 
in a blanket. 

6. Send for a physician. 


605. Fractures and 
Sprains. — In all first aid 
work for broken bones the 
patient should be kept quiet 
and in a reclining position, 
if possible. A physician 
should be sent for at once. 
The following rules should 
be followed : 


1. Bind two sticks along a 
broken arm to keep it from mov- 
ing at the break (Fig. 303). 

2. Hang the bound arm ina 
sling. 

3. Use pillows or coats for 
pads, if necessary to relieve pain. 

4. In case of a broken collar 
bone put the arm in a sling. 

5. In ease of a broken ankle 
keep the patient lying down and 
off his feet. 

6. In case of a compound 
fracture (where the bone pro- 
trudes) keep all objects away 
from it so that no infection can 
take place. 

7. Insprains keep pressure off 
the injured member. Immerse 
the member in hot water; paint 





FicurE 303.— How To TREAT A 
FRACTURE. 


Splints made of small boards should 
be applied to broken part and bound 
up with cloth or bandaging. Why ? 
The arm should be slung from the 
shoulder. Why? 


with iodine, and when dry, apply arnica. Then bind with adhesive 
tape, cover with bandaging, and keep the part sufficiently active 


to prevent its getting stiff. 
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506. Fainting and Epilepsy. — Never dash water in the 
face of one who has fainted. Follow the suggestions here 
given, noting that the first four apply only to fainting : 


Loosen the clothing if it is tight. 
Lay the person down flat with head lower than feet. 
Bathe the face with cold water. 
Hold smelling salts near the nostrils. 
Keep people from crowding near. 
. When the patient regains consciousness, give him spirits of 
ammonia or hot coffee. 

7. In epilepsy, place the patient on his back, open clothing at 
neck, put knotted handkerchief in mouth (to prevent biting of 
tongue), and let the patient lie until he desires to get up. 


eet SR CO Sirs 


507. The Nervous System and the Work of the World. — 
As already noted, men move things by use of their muscles. 
The muscles are moved by nerves. How accurately these 
muscles move and how fast they move depend upon how 
well the nervous system has been trained. Education trains 
the cerebrum to think. Drill trains the cerebellum and the 
medulla to act quickly in all conditions and to perform acts 
always the same way under the same conditions. This is 
the great value of habit formation. To preserve the body 
‘when injured or to prevent injury, habits of action must be 
learned early. To keep the nervous system in a high state 
of efficiency one must leave stimulants and narcotics alone. 
It is by the efficient men and women that the best work of 
the world must be done. 


SUMMARY 


All work is done by muscles moved by nerves. Many of our acts 
are voluntary and purposeful, others are automatic and useful in 
producing skill and quickness and in protecting the body. 

The brain is the seat of voluntary acts, of the sensations, and of the 
will. Here also in the lower centers are located all the actions 
necessary to carry on bodily processes. By training, the central 
nervous system can do wonderful feats of skill. Habit formation 
is necessary to make life worth the living. 

The organs of the body are connected with the brain and other 
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nerve centers by neurons composed of nerve fibers divided into axon, 
dendrites, branches, sheath, and nucleus. These nerves are either 
afferent (sensory) or efferent (motor). At about 15 years of age this 
nerve system becomes highly developed and is most easily injured. 
It is then that bad habits are most likely to be formed. 

Alcohol as a poison and narcotic as well as a stimulant causes the 
slow destruction of the nerves, resulting in a loss of mental ef- 
ficiency. Tobacco as a narcotic reduces the mental powers, stunts 
the growth, affects the manhood and manners of people using it, 
and leads to loss of will power. 

Right habits of action are life savers in cases of emergency. To 
know what to do and how to do it, with a body trained by habit 
to act quickly and efficiently, may often enable one to prevent 
accidents of a serious kind. The dangers of traffic, fire, wounds, 
severe cuts, sprains, fractures, drowning, fainting, and epilepsy are 
all considerably lessened by training oneself to meet such emer- 
gencies promptly and effectively. Habits must be formed, if the 
mind is to be relieved of the heavy strain which our busy life would 
otherwise put upon it. 


Remember that: 


1. The nervous system is the engineer that runs the human 
engine. 

2. The nervous system is a highly developed and sensitive part 
of the human engine. It comes in constant contact with every one 
of the primary factors of our environment and keeps us informed 
of what is going on about us. 

3. The formation of right habits is the only proper method of 
developing ability to do things in an easy and efficient manner. 

4. A eareful avoidance of alcohol and tobacco is necessary to 
insure an efficient body, because these substances are the arch 
enemy of the nerves and muscles. 

5. A careful training of the nervous system to act involuntarily 
under certain conditions is the only safe method of avoiding ac- 
cidents and injuries to the human engine. 


THOUGHT QUESTIONS 


1. A deserter from the army went to work as a waiter in a 
restaurant. An officer in search of him, desiring to find out if the 
waiter was an army man, shouted to this waiter as he was carrying 
a tray of dishes ‘‘ Attention!’ The waiter dropped the tray and 
came to attention. Explain why he did this. 
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2. Explain why one’s mouth often waters at the sight of an 
orange or other fruit. 

3.. Explain the nerve action which occurs when one sees a 
pin on the floor and picks it up. 

4. Why do you not think about your steps? Why is this 
dangerous to you as well as beneficial ? 

5. Give some of the advantages of a habit which you have 
noticed in your own everyday experiences. 

6. Why is a lazy boy in grammar school likely to be lazy in his 
high school? 

7. Why is there an ‘‘ awkward” squad at every army post? 
What causes a reduction in the number of men in this squad? 
Why are the men in this squad mostly raw recruits? 

8. How do you get your knowledge of what is in this book? 
Explain. 

9. What are “‘ unskilled workmen’’? Why do they draw a 
lower wage than skilled workmen? 

10. Why is habit formation more important to-day than at any 
time before? 
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PART VII 


THE WORK OF PROTECTING THE HUMAN 
BODY FROM THE DANGERS IN ITS 
ENVIRONMENT 


Law Soverns the sun, the planets, and the stars. Law covers 
the earth with beauty and fills it with bounty. Law directs the 
light and moves the wings of the atmosphere, binds the forces of 
the universe in harmony and order, molds every form of life. 

— Tappan. 


You have learned how the factory engine and the 
human engine are built to do their work and how they ac- 
tually do that work. But to do their work efficiently both 
kinds of engines need care and adjustment. Moreover, 


the human engine is subject to dangers in its environment 
which the steam and gas engines entirely miss. 

When men live in houses and depend upon food from 
distant places, the danger from contamination of their 
foods and their homes is great. When men live in large 
communities for the purpose of working in large factories, 
the danger from epidemic diseases, sewage water, drink- 
ing water, and milk is great. 

Bacteria and other organisms cause disease and death. 
It is well, therefore, to know something of these dangers, 
where they may be found, how prevented, and how con- 
trolled in the home and in the community. The next 
three chapters will endeavor to give you valuable infor- 
mation on this most important subject. 
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Key Picture 21.— THE Work oF MIcROORGANISMS. 


1. How molds reproduce. Each spore (O) produces a new mold (M). What does each 
new mold do? 2. Molds growing on bread and spoiling it for human use. 3. Yeast cells. 
4. A jar of fruit spoiled by yeast causing it to “‘work.’’ What was wrong here? 5. Plan 
of reproducing in bacteria. Can you explain it? 6. Bacteria in the air falling on meat. 
7 A bacterium (much enlarged) feeding on the meat. Juices pass out into the meat, digest- 
ing it and making it slimy. This slime is then absorbed into the bacterium as food. 8. Bac- 
teria acting as scavengers. What do they do to the leaves, fish head, and stick? 9. Root 
tubercles on the roots of clover. In these tubercles live bacteria which “fix nitrogen’’ and 
make it usable to the plant. 10. Sealed foods. 11. Corn smut. A fungus growth (mold). 
12. Cider, the juice of the apple. What causes the cider to ferment? 13. What is wrong 
in the actions of the boys in this picture? Explain fully. 
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CHAPTER XXI 


MICROORGANISMS AND THEIR WORK 


, 


Why has not man a microscopic eye? 
For this plain reason: man is not a fly. 
Say, what the use, were finer optics given, 


T inspect a mite, not comprehend a heaven. 
— Pope. 


Nowadays the serpent that bites man’s heels is in nine cases out of 
ten microscopic. — Professor J. Arthur Thompson. 


Here you come to the little things of the world. What 
do you know about bacteria? Did you ever see one? 
Did you ever see your mother put yeast in the bread 
dough? Why did she put the yeast in the dough? Have 
you ever tasted sour milk? What made it sour? Did~- 
you ever see moldy bread or cheese? What made it 


look that way? What conditions make these little things 
grow? What stops their growth? Do any of these little 
things help man in his work? Why are liquid foods 
dangerous? How can these little things be controlled 
in your home? You will find out how this is done in the 
following pages. 





Some Practical Questions : 

1. How has the general use of refrigerators reduced the death 
rate? 

2. Why should bread be kept in a bread box where it is dry? 

3. What is the advantage of having groceries wrapped in sealed 


boxes or in airtight tins or glass jars? 
609 
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4. Why should school classrooms and especially school lunch- 
rooms have their floors cleaned and oiled frequently ? 

5. What is the value of having clean dishes and cooking utensils 
at all times? 

Home Problem. — Take a small portion of a loaf of bread which 
has been kept fresh by paraffin paper and very slightly moisten it. 
Set it in a cool dark place. Wrap a second piece of the bread in the 
paraffin paper and place close beside the moistened bread. Let 
them stand for about two days; then examine both. Now tell the 
advantages of the paraffin paper. 

Field Problem. — While eating in a restaurant, note if you find 
any cracked cups or plates. If one is given you with food, refuse 
to use it. In some states laws prohibit the use of cracked eating 
utensils in restaurants-and hotels. Explain. 


1. Wuy Foops Must Br PROTECTED ~ 


508. The Care of Foods. — When you buy a pound of meat 
at the market, the butcher goes into the cooler, brings out 
a large piece of meat, cuts off a small portion, and at once 
returns the remainder to the cooler. You hurry home with 
your meat and put it in the refrigerator. As soon as possible 
this meat is prepared for eating by the use of heat. It is 
then carried to the mouth and after reaching your stomach 

_and intestines it becomes alive with invisible organisms which 
we call bacteria (bik-té’ri-d). 


(Key) Demonstration 53: Problem: Do air, water, and food con- 
tain living organisms? 

M aterials: A piece of beef the size of a quarter; a few pea seeds 
which have been cooked; a little water from the faucet; and four 
Petri dishes containing prepared agar! (Fig. 304). 


1 Petri dishes can be procured through your druggist or from any 
biological supply house for about 12 to 15 cents each. 

Agar can be purchased from your druggist at small expense. 
About 3 ounces is sufficient. It can be prepared as follows: Melt 
10 g. (grams) of agar in 1000 ce. of hot distilled water. Add 10 g. 
of salt, 10 g. of peptone, and 10 g. of Liebig’s beef extract. 100 se 
of French gelatin may be substituted for the agar. This material 
can be filtered through absorbent cotton into sterilized bottles, 
sealed, and kept until needed. To prepare for use melt the pre- 
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Method: Expose one Petri dish to the air of the schoolroom two 
minutes and close. Place a very small piece of the meat and two pea 
seeds in a second dish, press them against the surface of the agar, 
then remove them and close the dish. Place a few drops of faucet 
water in the third dish and close. Keep the fourth closed as a 
control. Set the whole aside for 48 hours. 

Observations: Note each dish. Do you find bacterial colonies 
present, indicated by rounded creamy masses on the surface of the 
agar? Each of these colonies contains millions of bacteria. Which 
has the greatest number of colonies? Is there any reason for this? 
Explain. Do the colonies differ in size, color, and shape? What 





Ficure 304.— (Key) DEMONSTRATION 93. 


A, Petri dishes containing prepared agar; B, cooked pea seeds; C, cooked 
beef; D, beaker of faucet water; E, Petri dish containing prepared agar 
used as a control. 


would this indicate? Remove a very small bit of one of these 
colonies with a needle, mount with water on a glass slide, and ob- 
serve under a compound microscope. Do you note any movement 
in the field? Can you actually see moving bodies? Can you make 
out the shape of any of them? These moving objects are the indi- 
vidual bacteria which feed upon the agar and produce the creamy 
spots. (Save one of the bacterial colonies for Demonstration 54.) 

Conclusion. — Do water, air, and food contain living organisms? 
Give proofs by showing sketches of the forms you observed. Write 
a full account of the above in your Science Discovery Book. 


pared agar, standing the bottle in a double boiler. Then run the 
agar into sterilized Petri dishes and cover while hot. Just enough 
should be poured into each dish to cover the bottom of the dish. 
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509. Forms of Bacteria. — Bacteria are one-celled plants 
which are unable to make their own food and so must get 
it from other organisms or organic material. There are three 
general forms, —the ball or period-like, called the coccus 
(k6k’tis) ; the rod-like or bacillus (bd-sil’tis) ; and the cork- 
screw-like, called the spirillum (spi-ril’im). The spirillum, 
especially, can move with great speed through liquids, by 
means of tiny whip-like structures called flagella (fld-jél’a). 
Many other forms 
move slightly, while 
some are entirely 
motionless. (See 
Key Picture 21.) 

All must have 
moisture in order to 
thrive, some must 
have oxygen and are 
for this reason ealled 
aérobic, while others 


need no free oxygen, 

A, control; B, needle; C, Bunsen burner; But, den 7 
D, prepared Petri dishes containing agar ; at oom 
E, bacterial culture. from the compounds 


upon which they 
work. Such forms are called anaérobic. When dried out, 
some bacteria form spores, which float about until they come 
in contact with moist conditions again. (See Key Picture 21.) 





FIGURE 305. — (KEY) DEMONSTRATION 54. 


(Key) Demonstration 54: Problem: What conditions are favor- 
able and what unfavorable to the growth of bacteria? 


Materials: Six Petri dishes prepared with agar; a dissecting 
needle; a test tube; a Bunsen burner (Fig. 305) and the dish con- 
taining the bacterial colony saved from Demonstration 53. 

Method: Inoculate each Petri dish with some bacteria by dipping 
the needle into one of the bacterial colonies and smearing the 
matter over the surface of the agar in each dish. Or shake the 
bacteria from the needle into a test tube containing a little water. 
Pour this on the agar. Number each dish (1 to 6), cover and set 
aside as follows: Place one dish in strong light in temperature of 
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65° F. Place another in the dark, with the same temperature. 
Place a third in a temperature of 85° F. and in the dark. Place 
a fourth in a refrigerator and in the dark. Place a fifth in a moist, 
dark place with temperature at about 70° F., and the sixth in a dry, 
dark place at the same temperature. Examine each after 48 hours. 

Observations: Compare dishes 1 and 2. Compare 3 and 4. 
Compare 5 and 6. Draw your own conclusions as to what condi- 
tions are favorable to the growth of bacteria. What conditions 
are unfavorable to the growth of bacteria? 

Practical Applications: Determine how the Donobaniona you 
have drawn here might be used to great advantage by your mother 
in the home. The knowledge gained here may be the basis of your 
health. For this reason write up the record in full in your Science 
Discovery Book. 


510. Other Small Organisms, Yeasts and Molds. — You 
must not think that bacteria are the only small organisms 
that spoil foods. There are many others, some of which are 
very commonly known. It is now possible for you to work 
out a very interesting experiment to show some of these 
organisms. Would you like to know just how yeast and 
molds act upon foods (Key Picture 21)? 


Suggested Experiment. — Buy a cake of Fleischmann’s yeast, get 
a two-ounce bottle, some sugar, some syrup, a small piece of bread, 
a Petri dish, a pipette, and some limewater. Fill the bottle half full 
of warm water and dissolve a teaspoonful of sugar init. Then, put 
a piece of the yeast, about the size of a marble, into it. Cork and 
set in a warm place over night. Moisten the bread slightly, place 
on a saucer, and after it has been exposed to the air of the room for 
one hour, invert over it a glass tumbler. Pour a little of the syrup 
into the Petri dish and leave exposed to the air for 48 hours. 

Note if anything has happened to the cork in the bottle during 
the night. Smell of the mouth of the bottle. What do you think 
is coming from it? Draw off some of the air from the bottle and 
run it through the limewater. Result? Conclusion? Take a very 
small amount of the liquid from the bottle and place under the 
compound microscope. Note the tiny egg-shaped bodies. These 
are yeast cells. Each consists of a cell wall, protoplasm, and a 
large, translucent spot called the vacuole (v&k’ii-dl) filled with cell 
sap. Note the buds growing from some. The cells reproduce by 
budding (Key Picture 21). j 
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Now observe the syrup. Smell of it. Can you determine what 
is in it? What might have produced this smell in the syrup? 
What effect does yeast have upon foods containing sugar? Is 
the syrup now fit for use? Explain. Sketch several yeast cells. 
Label. 

Examine the bread. What do you see upon its surface? De- 
seribe it. This is bread mold. Smell of the bread. Is the bread 
fit for use? Is there more than one kind of mold on the bread? 
Explain. Examine some of the mold under the microscope, noting 
its structure, how it grows into the bread, and how it reproduces. 
Sketch several filaments, labeling the parts. 


511. Man’s Invisible Foes. — All about us in the air, 
water, food, and earth, and even in our own bodies are multi- 
tudes of invisible foes. Some appear in visible form, lke 
the molds and mildews, and grow upon bread, damp leather, 
stoves which have been recently blacked, and fruits. 

The yeasts, too small to be seen, make their presence 
known in the rising of dough in bread-making and in the 
spoiling of all foods, not properly sealed, containing sugar in 
a more or less liquid state. Finally there are the bacteria, so 
small that 1000 of them could comfortably rest side by side 
across the head of a pin. If this circle Gi) were magnified 
_ enough times to become a body as large as the earth, some 
bacteria would have to be magnified the same number of 
times to become the size of the circle. Try to comprehend 
just what this means. You may conclude, then, that 
yeasts and bacteria are extremely small plants, are found 
almost everywhere, are spread by spores or buds, and 
spoil foods. 

512. Parasites and Saprophytes. — Microédrganisms live 
on plant and animal tissues, both dead and alive. All 
organisms which live on or at the expense of other living 
organisms are called parasites (p&r’a-sits). Examples of 
parasites are bacteria in the lungs of a man, the wheat rust, 
corn smut, mildew, and the chestnut blight which has prac- 
tically destroyed all of our chestnut groves in the East. All 
organisms which can live upon dead organic matter are called 
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saprophytes (sip'ré-fits), and it is with this class of plants 
that we are most interested because they thrive upon our 
foods, which, of course, are largely dead products of plants 
and animals (Fig. 306). 

513. What Microérganisms Like in Organic Matter. — 
(a) Molds. These are black, brown, blue, or non-green plants 
which ordinarily attack foods used by man. The substance 
in flour or bread which gives it a sticky feeling, éalled gluten, 





FIGURE 306. ~— SHELF Funcus GROWING ON A FALLEN TREE. 


These plants’get their food directly from the tree and break it down into soil 
/ and gases. 


is protein in nature. Molds like this substance, but it is 
not in soluble form in either the flour or bread. It must, 
therefore, be digested or changed into a soluble condition. 
As the mold spores light upon the bread, they begin to 
throw out threadlike branches called hyphw, which give 
off a digestive juice or enzyme into the bread, changing 
the gluten to soluble proteins. These are then absorbed 
by the mold and transformed into protoplasm; growth 
results, wastes are given off, and the bread is spoiled 
for human use. Other nutrients also in the bread are di- 
gested and absorbed by the molds. What the mold gains, 
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you lose. You may get some good food by eating the mold 
itself ; this is done when certain kindred forms, such as puff 
balls and mushrooms, are eaten. Limburger, Rochefort, 
and other cheeses get their flavor from molds, which are 
thus valuable. Yet, in general, molds are economically ex- 
pensive to us (Key Picture 21). 

(b) Yeasts. Your experiments have shown that yeasts 
feed on sugar. They attack this plant product whenever it 
is found in a more or less liquid condition, breaking it up 
into alcohol and carbon dioxide. The effect of this action 
upon the sugar solution or food we know as fermentation 
(far’mén-ta’shdin), a process in which alcohol and heat are 
released and food is spoiled. It is very important, then, 
that all preserved fruits and vegetables in which sugar has 
been used should be tightly sealed to prevent the entrance 
of the yeast spores (Key Picture 21). 

Demonstration 55: Problem: What effect do bacteria have on 
foods ? 


Materials: A wide-mouthed bottle with stopper to fit and a small 
piece of raw meat (beef) about the size of a thimble. 

Method: Place the meat on a piece of paper in the bottom of the 
bottle. Leave exposed to the air for about 24 hours. Now put 

‘the stopper in the bottle tightly and leave for a second 24 hours. 

Observations: Observe the appearance of the meat through the 
side of the bottle. Has it changed in any way? Does it look 
partly liquefied? Does it look slimy? Now open the bottle and 
smell of its contents. What do you notice? What has happened 
to the meat? What caused the meat to spoil? What two effects do 
bacteria have upon meat? 

Conclusion: Whatisit? Write this demonstration out in full. 

Notr,— To make sure of your conclusion place a little of the 
slime on a glass slide, dilute with a drop or two of water, and examine 
under the low power of the microscope. Report your observations 
in your Science Discovery Book. 


(c) Bacteria. It was not until 1683, when Anton van 
Leeuwenhoek (14’vén-hd0k’), a Dutch weaver, and a grinder 
of lenses as a pastime, perfected the microscope, that people 
were able to see these organisms. And it was not until 
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1850-1860 that any real connection between bacteria and 
disease was even suspected. Then Louis Pasteur, a French 


scientist, and later Robert 
Koch, a German experi- 
menter, gave to the world 
definite knowledge of the 
effects of bacteria upon 
other organisms, and the 
science of bacteriology 
was developed. 

The slimy, repulsive ap- 
pearance of spoiling meat 
and its most offensive 
odor are always a sign of 
the presence of bacteria. 
(See Key Picture 21.) 
The severe illness which 
sometimes follows the eat- 
ing of canned vegetables, 
meats, olives, fish, raw 
oysters, and ice cream, 
especially when eaten in 
warm weather, is fre- 








FicuRE 307A. — BACTERIAL COLONIES. 


A fly walked on the agar in the left- 
hand dish. A boy touched the agar in 
the right-hand dish with the tips of thumb 
and fingers. Explain. 





FicurE 3078. — BACTERIAL GROWTHS. 


A human hair (left) was placed in the 
agar. Agar exposed to the air for two 
minutes (right). Explain. 


quently caused by this action of bacteria as they work 


upon foods (Figs. 307a and 307b). 
The constant danger from such foods is shown below. 


HUNDREDS 


OF 


HIGH SCHOOL 


STUDENTS MADE ILL BY PTO- 


MAINE 


POISONING AFTER 


SCHOOL LUNCH 


Several hundred students of the Woodlawn 
High School here were stricken with pto- 
maine (to’m4-in) poisoning after their lunch 
eaten at the school lunch room today. All 
physicians in the city were called upon to 


give first aid treatment. 


A thorough investi- 


gation will be made at once. 


— New York Times 
Sept. 29, 1922. 


oo 
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2. Our INVISIBLE FRIENDS 


514. The Work of Yeast in Bread and Alcohol Making. — 
Many industries owe their existence and success to yeasts, 
molds, and bacteria. It is but justice to these lowly organisms 
that we discuss their good qualities as well as their bad ones. 
Yeast is a good plant with which to begin. It is mixed with 
bread dough in which is placed some sugar and water; heat 
(75° F.-85° F.) is applied, and the yeast cells work and 
grow very rapidly, giving off large quantities of alcohol and 
carbon dioxide. The gas in escaping raises the dough, 
making it porous and light. When the bread is baked, the 
yeast plant is killed, the gas and alcohol are driven off, and 
the bread set as we find it in a loaf (Fig. 308). Without the 
yeast we should have to eat unleavened bread or “ hard 
tack.”’ For the production of fuel alcohol, bay rum, extracts, 
and certain medicines, yeast is invaluable. 

515. Bacteria in Food Manufacture. — Milk, when allowed 
to stand, soon teems with bacteria, the most common being 
lactic (lik’tik) aczd bacilli. These organisms act upon the 
casein (ka’sé-in), a protein substance in the milk, and change 

it into a firm curd; the milk sugar is changed into lactic 
acid. The presence of this acid makes the milk curdle. It 
is from this curd that cheese is made. It is from the 
soured cream that the best flavored butter is made. Milk 
is often made to sour by the addition of rennet (rén’ét), a 
digestive juice from the stomach of a calf, which soon forms a 
curd. Junket tablets are made partly of dried rennet. 

516. Bacteria in Leather and Linen Manufacture. — In 
the manufacture of leather the skins of various animals are 
used. The hair is removed from the hide by allowing the 
hide to putrefy slightly through the action of bacteria. This 
putrefaction also helps to make the leather soft and pliable. 

In the production of linen, the stem of the flax plant is 
used (Fig. 309). The fibers are tough and stringy and are 
of no value until made soft and pliable so that they can be 
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The Ingredients : 


GE Pia ae iat 
i eth +O 


Water 


What We Do with the Ingredients: 


Yeast +Salt + Dough 
Sager +Milk + Lard pe 


Starch Yeast 
eka = 4° © 
caused by) ORO) 


Then baked in the oven 


1. Causes formation of the crust. 

2. Drives out gases and water. 

3. Changes flour to dextrin and maltose. 
4. Makes bread fluffy, light,and palatable. 





FicureE 308.—TuHE Story oF BREAD MAKING. 
Learn this story and tell it correctly. 
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split into threads and woven into cloth. This is done by 
immersing the flax in stagnant water until the action of bac- 
teria partly rots or decomposes it (Fig. 309).! It is then easily 
broken up into threads, specially treated, spun, and then 
woven into fabrics. Linen is probably the oldest fine fabric 
known and it receives its value through the action of bacteria. 

517. Bacteria as Scavengers. — When a plant or an animal 
dies, the strong odor soon coming from it is due to the break- 
ing down of the protein 
compounds and the re- 
leasing of hydrogen sul- 
phide,a gas. Such a pro- 
cess is decomposition and 
is brought about by bac- 
teria. Eventually, the 
animal or plant is turned 
completely back into the 
soil and gases from which 
it was originally made. 
Dead trees, leaves, ani- 
mals, human beings, 
garbage, and manures 
are all acted upon in the 
same way. In fact, the 
farmer depends largely 
upon these bacteria for 





FIGURE 309. — FLAX-RETTING. 


The flax is being submerged in water to iii f 4 1 
be rotted (retted) by the action of bacteria. 1s crops, ror u ey alone 
What do the bacteria do here ? can make animal ma- 


nures fit for use by 

plants. Decomposed manures release into the soil the 

ammonia compounds so helpful to plant growths (Key 
Picture 21). 

518. Bacteria and Fermentation. — Yeasts are not the 

only organisms which can cause fermentation, however. 


1Sponges are prepared for the market in much the same way, 
except that they are allowed to decompose in the air. 
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Any organism that can produce a ferment can bring about 
fermentation. Even putrefaction is a form of fermenta- 
tion. In no place is this process better shown than in 
the formation of vinegar. Apple juice contains sugar. We 
call this juice cider. When yeast gets 
into this juice, alcohol is formed. Ex- 
plain. This alcohol, when attacked by 
a certain kind of bacteria, is changed 
into acetic acid. The cider has been 
changed to vinegar. The thick brown- 
ish material at the bottom of the vinegar 
bottle is the ‘‘ mother,” a thick mass 
of bacteria which make the change in 
the alcohol. 

Again, the peculiar odor of butter is 
due to the action of bacteria on the 
nutrients in the butter resulting in bu- 
tyric (bti-tir’ik) acid. The different 
varieties of cheese owe their flavors and 
prices to bacteria. Sauerkraut is given 
its flavor by the action of bacteria; ensi- 
lage (én’si-l4j), which cows like so much, 
is the result of bacterial fermentation in Ficure 310a.— Root 
the corn stalks cut offfrom air in the silo, | TUBERCLES ON THE 
The odor of tobacco is primarily due to ALFALFA PLant. 
partial decomposition of the tobacco leaf Me tee ae sie 
tissues by bacteria. attached to the roots. 

519. Bacteria and Soil Fertility. — Here live millions of 
Fertile soil is always full of bacteria. eee Last 
Where do they come from? Sterile or soil fertile. 
worn-out soils can be made fertile by the 
addition of bacteria. How is this done? A careful exami- 
nation of any clover plant root will show tiny round masses 
or swellings called nodules (néd/iilz) or tubercles (tii'bér-k’lz), 
in which large numbers of bacteria live. The bacteria are 
able to take the nitrogen directly from the air and, by com- 





U.S. Dept. of Agriculture. 
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bining it with other substances, produce nitrogenous com- 
pounds (nitrates) for the use of the plant (Fig. 310a). 
Thus, we have the fixation of nitrogen by bacteria. So, 
raising a crop of legumes is the surest way of insuring a 
good crop of corn on the same plot of ground. Explain. 





_ Animal 







Manures 


Sa 


Nitrates 
(Very valuable Ye: 






to plants) “Say bacteria which 
rites ¢ change manures 
3 into ammonia. 
Nitrifying bacteria which $ eee eo 
change nitrites to nitrates. x wis Nitrifying bacteria which 


change ammonia to nitrites. 
FicurE 3108. —THE NITROGEN CYCLE. 
Explain this picture. (See section 519.) 


The manures placed in the soil by the farmer are so acted 
upon as to produce a final product of great value to the 
plants. This is done by three sets of bacteria: (1) The 
putrefactive forms change the manure to simpler com- 
pounds (ammonia) ; (2) asecond set changes the ammonia 
to nitrites; (3) the nitrites are changed to nitrates by a third 
set of bacteria. This is called nitrification (ni’tri-fi-ka/shin) 
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or nitrate making. Thus are organic compounds made useful 
to plants through bacteria (Fig. 310b). 


3. Our INVISIBLE Fors 


520. Bacteria and Disease. — On the other hand, bacteria 
are responsible for the deaths of from one half to two thirds 
of all persons who die in the world every ate They are 
man’s invisible and terrible foes. 

They feed upon our tissues which they assimilate as food, 
oxidizing it, and giving off wastes which are toxins (t6k’sinz) 
or poisons to the animal receiving them. These toxins are 
the cause of many diseases in man. 

521. How Bacteria Enter the Body. — These organisms 
fall into or are forced into natural body openings, such as the 
mouth, nose, eyes, ears, or wherever a mucous membrane 
is exposed to the air. When a cut or bruise is made in the 
skin, which is the natural defense of the body, bacteria may 
be brought immediately into the blood flow and among 
the cells, and disease may follow quickly. The conditions 
in either method of entering are finally the same, — a warm, 
dark, moist place where growth is sure and rapid. The 
body is an excellent breeding place for many microérganisms. 
Therefore, extra precautions must be taken to protect and 
defend it from their entrance. Many persons have the un- 
pleasant habit of spraying other people with sputum as they 
talk or sneeze or cough, thus throwing bacteria directly into 
the mouth and nose. All such persons are a real menace 
to the health of the community. See to it that you do not 
form this harmful habit. Liquids, especially milk and water, 
are likely to contain myriads of bacteria originating from 
the hands of people who are sick and none too clean in their 
personal habits. Some persons are even known to carry dis- 
ease germs, particularly those of typhoid fever, and to give 
this disease to other people, though they do not have it 
themselves. Read the newspaper item on the. following 


page. 
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OWNER OF BAKERY TYPHOID 
CARRIER 


Bakery Worker Arraigned for Handling Food 
After Being Forbidden 


Had the Disease in 1906 
Case Resembles the Famous One of ‘‘Ty- 
phoid Mary’’ —119 other typhoid carriers 
now under observation. 
— New York Times. 

522. Why We Can Foods. — If a food is free from micro- 
organisms when put into a container and if the container is 
really air tight, such food will never spoil.! A common 
method of preserving foods begins with boiling the glass jars 
or containers. Why? Thisis called sterilization. The food 
to be preserved is then cooked, and put while hot into the 
container, which is then sealed. Give two values of the 
cooking and tell why the food is put into the container while 
hot. Rubber rings separate the glass top from the jar. Ex- 
plain. The outside of the jar is then wiped dry and the jar 
is inverted for some time on a piece of white paper or oil- 
cloth. Why? If moisture is found later on the paper, what 
conclusion must be drawn (Fig. 311)? 

Cleanliness in this method is the only guarantee of success, 
— clean containers, clean food, clean water, clean utensils, and 
clean hands. Full directions for using this method may be 
secured in Farmer’s Bulletin No. 839. This bulletin may be 
obtained by writing to the Department of Agriculture at 
Washington, D. C. (Key Picture 21). 

523. Why We Pickle and Preserve Foods. — Some of us 
have seen the process of pickling going on in our homes in 





1The writer had the rare privilege of seeing and handling, in 
1922, a flask of beef broth (a food much desired by bacteria) which 
had been sealed by Louis Pasteur in 1862, sixty years before. The 
broth was as clear and as fresh as the day it was placed in the 
flask. This flask is now in the possession of Dr. LaPlace, a surgeon 
of Philadelphia and a former pupil of Pasteur in Paris. Can you 
tell some things that this sealed flask proves about bacteria and 
foods? : 
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the summer or early fall. At that time cucumbers are 
picked, thoroughly washed, then laid down in a strong 
brine, and covered in an earthen jar or canned in glass jars. 
Likewise, corned beef is immersed in brine. Sauerkraut also 
is treated in the Same way and even butter is salted to in- 
crease its keeping qualities. “Explain this fully. 

Fruits are often can- es 
died and thus preserved. 
How does this process — 
keep out the bacteria? 
If the fruits become 
moist, would bacterial 
growth begin? Explain 
fully to your class and 
to your family at home. 

524. Why We Dry 
Foods. — It used to be 
a common sight years 
ago to see long strings 
and festoons of dried 
apples hanging from the 
rafters of the attic in 
the average farmhouse. 
These were used in the 
winter to make pies. It Here salmon is canned and the cans 
A . sterilized with steam after being sealed. 
is probably true that this Explain fully this statement. 
custom was not based 
upon knowledge of bacteria as bacteria, but it was a sensible 
plan, nevertheless. To-day, the evaporating factories do 
this work. What was the advantage of hanging the apples 
in the attic? Bacon, dried beef, and meats of all kinds are 
kept by the same method. 

525. Dangers in Liquid Foods. — Bacteria are especially 
fond of liquid food, because they can easily digest it before 
absorbingit. Milk is the best medium for their growth. This 
liquid is most easily contaminated when exposed to air even 





Ficure 311.—A CANNING FAcTorRY. 
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for an instant, when placed in unclean receptacles, when 
touched in any way with the hands, or when allowed to re- 
main warm too long after coming from the cow. 

The great danger in such exposure is from bacteria which 
cause disease. Diarrhea, dysentery (so fatal to many in- 
fants), tuberculosis, diphtheria, typhoid fever, and scarlet 
fever are all frequently traced to milk. 








FicuRE 312.— How MILK 1s SHIPPED TO THE ClTY. 


How is the milk kept sweet? What demonstration shows you a prin- 
ciple that is applied here? 


For this reason milk is brought to your door in capped 
bottles which have been scalded, filled with pastewrized 
(pas’tér-izd) milk, and kept continually on ice after leaving 
the pasteurizing plant. Pasteurization kills about 90% of 
the bacteria in the milk and ice keeps the remaining 10% very 
inactive. It is the housewife’s task to see that no more 
bacteria get into the milk before it is consumed. 
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(Key) Demonstration 56: Problem: How is milk pasteurized 
and how is it affected by the process? 

Materials: Several glass beakers; some raw or unpasteurized 
milk; thermometer: a bunsen burner; an iron tripod; and three 
prepared Petri dishes (Fig. 313). 

Method: Put equal portions of the milk in three separate beakers. 
Label them 1, 2, and 3. Leave 1 exposed to the air for 48 hours. 
Heat the milk in 2 over the 
flame, bringing it to a tem- 
perature of about 145° F. 
for about 20 minutes, but 
never exceeding that tem- 
perature. Set aside for 48 
hours, exposed to the air. 
Boil the milk in 3 for about 
10 minutes. Set aside, ex- 
posed for 48 hours. 

Observations: What effect 
does the boiling have upon 
the appearance of the milk 
in3? Does the heat change 
the milk in2? Examine all 
three beakers after 48 hours. 
What has happened to the — — sie 
milk in 1? What caused it Ficure 313.—(Key) Demonstration 56. 
to sour? Are the milk in Why is the thermometer used? Why are 
2 and the milk in 3 affected Petri dishes used in this demonstration ? 
in thesame way? Explain. 

Taste the milk in each beaker. Do the milk in 2 and the milk in 3 
taste the same? Can you explain the difference? 

With a medicine dropper place five drops of the milk from 1 in a 
Petri dish. Label it 1. Do the same with the other beakers and 
Petri dishes, labeling them 2 and 3. Lay away for 48 hours. Then 
examine under the compound microscope. Which has the most 
bacteria? the least? Are bacteria presentin all three? Why is 
not all milk boiled to destroy all the bacteria? 

Conclusion: Howis milk pasteurized? How is it affected by the 
process? Give proofs for your answers. 


526. Why and How Milk Is Pasteurized. — Pasteur dis- 
covered the value of heating foods to kill bacteria in them. 
This simple discovery has probably saved millions of lives. 
Pasteur found that by heating milk for about half an hour 
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to a temperature not exceeding 155° F., most of the bac- 
teria in it are destroyed, without injuring the food value 
of the milk or destroying its flavor. If this milk is then 
placed in scalded bottles, sealed and packed in ice, it will 
keep for several days. The danger of its causing disease, 
which is especially great for infants, is very much re- 





FicurRE 314.— A PASTEURIZING PLANT. 
Note how clean every part is kept. Explain this. 


duced. Most cities now require that milk be pasteurized 
(Fig. 314). 

But we should remember that even pasteurized milk must 
be handled carefully in the home. Clean hands and clean 
receptacles are of first importance. The milk should be 
kept in the bottle in which it is delivered until needed for 
use. It should never be poured from the bottle until the 
top and sides of the bottle are throughly cleansed. Why? 
Finally, the home should have a good refrigerator, windows 
fitted with screens, and clean kitchen utensils. 
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527. The Importance of Cold Storage. — Since extreme 
cold makes it impossible for bacteria to increase, it follows 
that if meats, butter, eggs, and vegetables are kept in freez- 
ing conditions, putrefaction cannot set in. Until this fact 
was discovered, few in the eastern states knew what 
western beef was. Cold storage has completely changed 
our whole manner of living. One abuse has arisen from it, 





Ficure 3154.— An UNSANITARY KITCHEN. 
Name at least four things which are wrong here. Why are they wrong? 


however. Much produce is put into cold storage in a poor 
condition or is kept in cold storage too long. To stop this 
abuse the Federal Government inspects the food in cold 
storage plants and forbids the keeping of produce in cold 
storage longer than a specified length of time, the period 
depending upon the kind of produce. 

528. Cleanliness, the Final Word. — The kitchen should 
be the cleanest place in the whole house. It should be im- 
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maculate. Food and fingers carry disease germs and when 
they come into contact with one another, no one can foretell 
what. the result will be, if either are unclean. Study Fig- 
ures 315 a and b. 

It follows, therefore, that clean water, good soap, a nail 
brush, and a nail cleaner are essentials of every home and 





Good Housekeeping Institute. 
FicurRE 3158n.—A Mover KitcHen. 


It is clean and wholesome. Name the essential things in this kitchen. 
Why is it a model kitchen ? 


should be unsparingly used by the housewife and all those 
handling the food of the family. 

Dishwashing is an art, even though regarded by many as 
a drudgery. Hot water, plenty of soap, a good dish cloth, a 
scourer, and plenty of muscular energy are all necessary, if 
the complete protection of the family is to be assured. To 
this same end, all cracked plates should at once be discarded 
or destroyed. Why? 
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Finally, as to ing, it is best to place all dishes, after 
being rinsed in hot, clean water, in a drying rack. When 
hot, they will dry quickly by the evaporation of the water 
upon them, thus reducing handling and the possibility of 
contamination from the hands or soiled drying cloths. 
Above all,—everything must be clean. 


SUMMARY 


The foods of man are among the most favorable homes of micro- 
organisms consisting of bacteria, yeasts, and molds. The yeasts and 
molds attack sugary foods, while bacteria feed chiefly upon pro- 
tein foods. All these organisms are extremely small, float in the 
air, and alight upon foods which are exposed to the air. All grow 
best and most rapidly in the presence of moisture, warmth, and dark- 
ness. Bacteria grow best in liquid food such as milk. 

The yeasts spoil foods by breaking them down into alcohol and 
carbon dioxide through the action of an enzyme or ferment; the 
molds break down the proteins of bread and similar foods, giving 
them an unpleasant odor and taste; while the bacteria act upon 
the proteins in meat, producing slime and a strong, disagreeable 
odor. 

Bacteria are valuable in leather and linen manufacture; in 
breaking down dead bodies into soil; in enriching soil by putting 
nitrates in it; and in fermenting cider to form vinegar. The yeasts 
are valuable in raising bread and producing commercial alcohol. 
The molds are valuable in the ripening of cheeses. 

Some foods, especially meat and milk, may harbor bacteria 
which cause disease. To check their growth the conditions unfav- 
orable to these bacteria are secured; these are light, heat, dryness, 
and the absence of air. Thus milk is pasteurized, kept cool, and 
handled in a special way. Solid foods also are kept free from 
bacteria by preserving with harmless substances such as salt, sugar, 
and vinegar; some kinds are canned and sterilized (vegetables) ; 
still others are best preserved by drying to keep out the water and 
thus the bacteria; finally, some are kept in cold storage where the 
microérganisms are kept inactive by the extreme cold. But the use 
of clean utensils, handled by clean hands, in clean homes, is the best 
preventive of ills which may follow from the use of foods. Cleanli- 
ness should be the watchword of every home in the handling of all 


foods. 
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Remember that : 


1. Microérganisms are the chief cause of the destruction of food 
which would otherwise be used as fuel by the human body. 

2. Many microérganisms are absolutely essential to the enrich- 
ment of soil, the destruction of dead organic matter, and the pro- 
duction of valuable foods and other products. 

3. Certain microérganisms are the chief causes of disease, much 
of which is developed through the use of germ-laden food and liquids. 

4. Science has developed very efficient methods of preserving 
foods and preventing the growth of microérganisms in them. 

5. Cleanliness is the chief requirement in the home for the proper 
preservation of foods and the keeping them free from dangerous 
microorganisms. 


THOUGHT QUESTIONS 


1. Give several reasons for cooking foods. 
2. Name several things that can be done to insure cleanliness 
of air in the home; of food in the home; of water in the home. 

3. What conditions are necessary for the growth of molds? 
What can you do in the home to prevent their growth? 

4. What is the value of a “‘ control’’ in the study of yeasts 
and bacteria? 

5. Why will watery meat spoil more quickly than relatively 
dry meat? 

6. Why will dried beef keep indefinitely ? 

7. Why do we never need to take much care in keeping shredded 
wheat, cornflakes, crackers, flour, ete. ? 

8. Mention at least five ways in which disease germs may be 
carried. 

9. ‘‘ Cover up every cough and sneeze. 

If you don’t you spread disease.”’ 

Explain this quotation and give the names of six diseases spread 
by this indecent habit. 

10. Why do cities forbid spitting on the sidewalks? 
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Key Picture 22.—Lire Histories OF SOME OF OuR INSECT ENEMIES. 


Study each part of the picture. Each tells its own story. Can you follow 
it? Try to raise some mosquitoes and flies. Compare with the stages here: 
shown. Tell the story of the malaria parasite. 
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CHAPTER XXII 
THE PROTECTION OF THE HUMAN BODY IN THE HOME 


Ah, what avail the largest Sifts of heaven, 
When drooping health and spirits $0 amiss? 

How tasteless then, whatever can be given! 
Health is the vital principle of bliss, 

And exercise of health. — Thomson 


Man can never fool Nature; but Nature can easily fool man, because 


of his inability to understand her. Obey the laws of Nature and you 


ride to success. —Wood. 


Why are insects in the home dangerous? Do you 
know? Do you know anything about the life history of 
the house fly or the mosquito? What do we mean 
by the life history of an animal or plant? Do you sup- 
pose that knowing the life history of an insect would help 
you in getting rid of it? Explain. Do you think that 
insects and disease are close companions? How does the 


body protect itself from disease germs? Do you know of 
any ways in which the human body is now aided by 
doctors to resist disease? What are some of the values 
of clothing in keeping people well? Explain. A careful 
study of these things in this chapter will teach you many 
interesting and practical things. 





Some Practical Questions : 
1. Why is it of value to know the whole history of insects which 


live about the home? 
2. What is the most important reason for keeping insects away 


from foods? 
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3. What methods are used to exterminate household pests such 
as flies, water bugs, and ants? 

4. Name at least 5 things that you can do to help the body ward 
off disease. 

5. Give several reasons why the house fly is the most dangerous 
of household pests. 

Home Problem. — Make a list of all the insects you have ever 
seen in and about your home. Find out some of the habits and 
the important facts about the life histories of each of these insects. 
Determine if these insects are harmful or useful and how. Write 
out in full your report and present it to the class. 

Field Problem. — Make a special survey of the open lots in your 
neighborhood and discover the kind and number of receptacles in 
these lots which can hold water. Examine some of these recep- 
tacles, note if they hold water, and see also if they hold the larvae 
or “ wrigglers ’’ of mosquitoes. Are mosquitoes common in your 
neighborhood? Can you now account for their presence? How 
can you help to reduce the number of these insects in your nei¢hbor- 
hood? Try out your plan and report to the class on the success 
of your venture. 


1. Some HovusreHotp ENEMIES 


529. The Work of Household Pests. — Were man relieved 
of such pests as flies, mosquitoes, bedbugs, fleas, “‘ cooties,”’ 
clothes moths, cockroaches, croton bugs, disease-producing 
‘bacteria, rats, and mice, his health would be safer, his 
comfort greater, and his home a much pleasanter place in 
which to live. 

For example, it is estimated that every rat in the United 
States works destruction to property at the rate of at least 2 
cents each day. This means a total loss of enough money 
to pay 100,000 men working all the time to repair the dam- 
age done by these animals alone. Millions upon millions of 
dollars’ worth of food is destroyed each year or made unfit 
for human use by insects and other animals of the home. 
How shall we go about the destruction of these pests? 

530. The House Fly a Deadly Enemy. — The common 
house fly is directly responsible for over 100,000 deaths every 
year in the United States. Think what this means! Nearly 
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twice as many men as we lost in the World War are killed 
every year by flies! Flies are rapid fliers and seek every 
possible place where food can be found. (See Key Pic- 
ture 23.) Now if you want to be a real scientific detec- 
tive, the next experiment ought to help you become one. 
Suppose that you prove to your class whether or not flies 
carry germs on their bodies! : 

Suggested Experiment. — Secure two prepared Petri dishes, a 
glass slide, a cover glass, a dissecting needle, and a microscope. 
Catch an ordinary house fly and place it in one of the Petri dishes, 
covering the dish with its cover. Allow the 
fly to walk about several moments over the 
surface of the agar. Then allow it to escape 
and cover the dish. Keep the second dish cov- 
ered. Why? Place the two dishes side by 
side in a dark warm place for several days. 
Watch for results. Can you tell after several 
days in which dish the fly was imprisoned? Ficure 316.—FLIEs 
Explain. Remove by means of the needle a AND BACTERIA. 
small portion of one of the dots or colonies A fly visited this 
from the contaminated Petri dish and mount it Petri dish. Was the 
with a drop of water on a slide and cover with flyclean? Explain. 
cover glass. Examine under the high power of 
the microscope. What do you see in the microscope field? What 
is the shape of the organisms observed (Fig. 316) ? 


531. The House (Typhoid) Fly Guilty. —It is estimated 
that the number of bacteria on the feet of one fly averages 
around 1,500,000. In this number it is reasonable to 
suppose that some are disease germs. The fly is known 
to spread tuberculosis, bubonic plague, cholera (k6l’ér-a), 
and other diseases. Most of the deaths of infants under 
one year of age, due to cholera infantum, are traced to the 
house fly. 

Out of 5550 deaths due to diseases carried by insects during 
1908 in New York City, it was estimated that 4272 were 
caused by the fly. Five thousand American soldiers 
died of typhoid fever during the Spanish-American war, 
largely due to the fly. The estimated financial loss to 
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the country from typhoid fever each year is $350,000,000. 
This also, we may say, is chiefly due to the fly. 

532. Protection from Flies. — The killing of every stray 
fly found about the house in late fall and winter will prevent 
the growth of millions the following summer. The elimina- 
tion of all possible breeding places, such as garbage, filth, and 
manure piles, is a sure method of getting rid of the fly. The 
constant sweeping of the streets prevents the accumulation 
of filth favorable to fly growth. Can you see how the devel- 
opment of the automobile may in time reduce the number of 
deaths from typhoid fever? 

The frequent and thorough scattering of manure, the bury- 
ing or burning of garbage or feeding it to swine will greatly 
reduce the swarms of flies about the average farm. Sunlight, 
intense heat, and air will effectually destroy most fly eggs and 
larvae. A screen should be fitted to every window and door 
in the house. To fail to do this may mean the loss of human 
lives. The last line of defense is fly poison. Since the favor- 
ite food of flies is bread and milk, this can be used as a bait. 
Add 2 tablespoonfuls of formaldehyde (fér-m4l’dé-hid) to a 
pint of water and milk. Add a little sugar and some bread. 
As flies are thirsty in the morning they will soon find the bait, 
if it is exposed early. The dead bodies about the trap will 
prove the success of your experiment. 

533. The Mosquito.— There are many varieties of mos- 
quitoes, but only two forms are commonly found in temperate 
regions. One is called the Culex (ki’'léks). A study of 
Key Picture 22 will give you its characteristics. The other 
form, known as the Anopheles (d-ndf’é-léz), is the dangerous 
form and can be distinguished by its striped legs. Its other 
characteristic is shown in Key Picture 22. What is it? 
Both forms breed only in the water. The female lays from 
200 to 400 eggs at one time. Study the life history of the 
mosquito (Key Picture 22), and be able to explain it. 

The possible offspring of a mosquito in one season 
is unbelievable by those who do not think about these 
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things. One adult may be represented by the figure 2 with 
39 zeros following it. Fortunately, this is not actually the 
result, since there are hundreds of obstacles to the maturing 
of the eggs, one of these SER ; 
obstacles being man him- 
self. 

The life history of the 
malarial parasite itself 
is of no less importance 
than that of the mos- 
quito. A careful study 
of the steps of the = 
progress of this disease  Ficure 317.— Mobs oF THE MALARIA 
should be made in con- Mosgutto. 
nection with Key Pic- Note the striped legs. 
ture 22. Malaria is one of the most common and most 
dreaded diseases in the world to-day because of its effect 
upon one’s ability to work. 

534. Prevention and Control of Mosquitoes. — Never was 
the maxim that “‘ An ounce of prevention is better than a 
pound of cure ” better applied than in the control of mosqui- 
toes. Since they breed only in stagnant water, swamps, 
and in receptacles such as rain barrels and tin cans, these 
are the places to destroy their eggs. The draining of the 
swamps, the overturning or removal of the cans, and the 
covering of the rain barrels with mosquito netting, will put 
an end to this menace. Examine any tin can containing 
water after a rain and see how many mosquito larvae or 
pupae you find there. 

In case a swamp which cannot be drained is located near 
your home, the next best thing to do is to pour crude oil 
upon its surface at different points and let it spread. 





Suggested Experiment. — The effect of this can be proved ex- 
perimentally by taking a few of the larvae in your experiment and 
after placing them in a jar of water, pour over the surface of the 
water a little oil of any kind. Note the action of the larvae and 
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what finally happens to them. Can you explain this result? 
Here you see an effective attack upon the weakest link in the life 
history of the mosquito. It never fails to work. If you find mos- 
quitoes thick about your home, there is a good reason for it. It is 
your business to find out the source of this invasion and stop it for 
your own protection against disease. 

535. Fleas, Lice, and Bedbugs.— The presence of these 
insects in the home is generally considered as indicating un- 
cleanly ways of living. They may be, however, and often 
are, picked up on the clothing while traveling or visiting. 
Yet again pet dogs and cats may bring them into the home. 
Their greatest menace is in their ability to carry disease. 
The dog and cat fleas are known to carry bubonic plague 





Clothes moth 
Ant Bedbug Croton bug and larva “ Cootie.” 


FicureE 318.— Some HouseHoLp PEsts. 
How is each of these insects a pest in the home? How is each controlled? 





germs. Such fleas are infected by biting rats which have the 
disease. They then communicate the disease by changing 
hosts, — going perhaps to a dog or cat and then to man. 
The easiest way to avoid fleas is to keep the beds of pet ani- 
mals clean. The animals should be treated with good in- 
sect powders. All crevices about the house where these 
insects run should be thoroughly dusted with such a powder. 
“ Nits’ or head lice are often found in school children’s 
hair and can be eliminated by a mild application of kerosene 
and vinegar. 

To exterminate the bedbug is easy by thorough cleaning 
of bed, floor, and wall crevices, and the use of reliable insecti- 
cides which are obtainable at any drug store (Fig. 318). 

536. Food and Clothes Eating Insects. — The cockroach, 
the “croton bug,” ants, and weevils are all nuisances, though 
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not to be especially feared as disease carriers. Food should 
not be left about where they can reach it, food scraps and 
garbage should be disposed of at once, and open plumbing 
should always be used. Borax mixed with sugar should be 
scattered about where they run. No large quantity of dried 
peas or beans should be kept on hand. This attracts the 
weevils. 

The larvae of the clothes moth and carpet beetles destroy 
woolen clothing, furs, rugs, and carpets amounting to millions 
of dollars every year in the United States alone. The adult 
moths fly about the house in early spring. Not one should 
be allowed toescape. Explain. Winter clothing and rugs be- 
fore being stored for the summer should be carefully brushed 
and aired, then put in medicated bags and sealed. Explain. 
Suppose that the clothes are put away with a clothes moth 
or larva in them? Explain the result (Fig. 318). 

537. The National Pest, the Rat. — This is the worst 
mammal known to man. It destroys over $100,000,000 
worth of grain in the United States every year. It carries 
disease, since it prefers the sewer or drain pipe for its home. 
It is responsible for the bubonic plague, which has killed 
25,000,000 people in Europe and 5,000,000 people in India 
alone. Rats destroy food, clothing, paper, books, plaster, 
woodwork, — almost everything about the home. Poisoning 
rats is dangerous. Why? ‘Trapping them by concerted 
action on the part of a whole village or city is the only remedy. 
Keeping all food away from their reach is the next best thing. 
It is a fact that bacteria, insects, rats, and man have formed a 
biological relation which has cost the world hundreds of mil- 
lions of lives and untold ages of misery and pain. Modern 
biology has discovered this relation within recent years. 


2. How THE Bopy Drrenps ITSELF AGAINST DISEASE 


538, External Dangers and Internal Protection —Through 
a long period of time the body has acquired power to set up 
a system of defense or protection against the invasion of 
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germs from no matter what source. This power, when prop- 
erly aided by artificial and natural means, makes the body 
strong to resist disease. Like an army, the body has several 
lines of defense. What is the nature of these defenses? 

539. The Body’s First Line of Defense. — The human 
skin is a very tough covering made up of several layers of 
tissue ; liquids, most poisons, and bacteria cannot enter as 
long as its surface is not broken. It is the natural defense 
of the body against all outside injuries. If it is cut or badly 
bruised, blood escapes, indicating the rupture of capillaries, 
and your first line of defense has broken down. Explain. 
To prevent further trouble, wash out with clean cold or 
warm water any dirt that may have entered the bruise. 
Then a 5% solution of carbolic acid or the usual tincture of 
iodine should be at once applied. 

540. The Body’s Second Line of Defense. — The white 
or colorless corpuscles move about the body by flowing 
movements, even progressing against the blood stream, 





FicurRE 319. WuitE CorRPUSCLES AND BACTERIA. 


A white corpuscle (x) engulfing bacteria (b) with its false feet or pseudo- 
pods (a, a) which flow about the germs and take them into its body (y) 
where they are soon destroyed by being digested. 


creeping out of the capillaries, and going about between the 
cells (Fig. 319). Congregating in large numbers where the 
bacteria are numerous, they devour them, aided by substances 
in the blood which (1) cause the bacteria to stick together 
and (2) make them attractive to the white corpuscles. 
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Aided by antitoxins (an‘ti-tdk’sinz), which the cells make 
and pour into the blood stream when he has a disease, the 
average person is immune (i-min’) to that disease when 
the bacteria get into the blood a second time. He is 
actually able to ward off disease through this immunity. 
Such immunity is known as natural and may be character- 
istic of a whole race for any particular disease (Key 
Picture 23). 

541. The Body’s Third Line of Defense. — Natural im- 
munity protects us from many diseases, but there are some 
from which most of us are not immune, such as diphtheria 
(dif-thé’ri-d), smallpox, and typhoid fever. Most of us have 
been vaccinated (vak’si-nat’éd). Do you really know what 
this means? In both smallpox and diphtheria immunity is 
acquired by methods shown in Key Picture 23. Study these 
methods and explain them to the class. 

542. Artificial Reinforcements which Aid the Body to 
Ward Off Disease. — Cleanliness is the greatest aid to the 
body in preventing disease. To keep clean requires much 
sunshine, much air, and a generous supply of soap and water 
together with the proper use of disinfectants. Carbolic acid, 
lysol, formaldehyde, iodine, bichloride of mercury, and chlo- 
ride of lime are all deadly poisonous to both man and bac- 
teria. These substances in solution are often used in cleaning 
or scrubbing woodwork and floors. They are poured occa- 
sionally into washbowls, sinks, and toilets to prevent the 
growth of bacteria. All such poisons should be kept in a 
safe place, well out of the reach of children, and should be 
so plainly labeled that no one can by any manner of means 
use them by mistake for medicine. Many lives have been 
lost through failure to take such precautions. 

543. What You Can Do to Help the Body Resist Disease. 
— Aids to artificial methods of combating disease are happily 
many and inexpensive. They are repeated here for emphasis. 

1. Fresh Air. Full and complete ventilation of living 
and sleeping rooms, the wearing of porous clothing, plenty of 
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outdoor exercise, setting-up exercises before an open window, 
and deep breathing will mean death to bacteria and disease. 
2. Food. You ought to eat just the right amount of food 
as determined by your age, occupation, and theseason. The 
kinds of food should also be carefully considered. 
3. Teeth. Failure to keep the teeth clean means bac- 
terial decay, the entrance of protozoans, and the formation 
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FicurE 320.—SrTEps To SuccEss. 





How do these steps depend on one another? Explain how each is neces- 
sary for success. 


of toxins which poison the whole body. Eye strain, pains 
in the back, rheumatism, heart trouble, and nervous diseases 
are all often due to poor teeth. Without good teeth 
proper chewing of food is impossible. Constipation and 
the loss of efficiency follow. 

4. Water. Water is cheap. It is the natural flusher 
of the body. It prevents constipation. It aids in food 
absorption. It prevents decay of food in the intestines. 
You should drink at least six glasses of water each day. 
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5. Exercise. Any work involving use of the muscles is 
good exercise. Playing ball, running errands, rowing, and 
tennis are all good ways to keep the body in health. They 
help the whole body to throw off wastes and obtain plenty of 
air, and make it more active. Butremember! Over-exercise 
is not good for the growing boy or girl. 

6. Sleep. After exercise comes fatigue. This should 
never approach exhaustion. Such a condition’ is dangerous 
and destroys the value of all exercise. To eliminate fatigue 
poisons requires rest. Every boy and girl should sleep at 
least eight hours every night (Fig. 320). 


3. THE OricIn, ImporTANCE, AND USE oF CLOTHING 


544. Clothes and Health. — Clothing is a hygienic neces- 
sity. But it must be porous to be hygienic. We may say, 
then, that clothing has two important uses. (1) To pro- 
tect the body from mechanical injury and (2) to regulate 
the body temperature so as to prevent sudden chilling of the 
body surface which would often 
occur when going from a warm 
room into zero weather? 

545. Sources of Clothing. —A 
little thought will show you that 
all your clothes are derived from 
plants or ‘animals. 

(a) Wool. This is one of the 
oldest sources of clothing in the 
world. It is taken from sheep 
and has been used since men first Ficure 321.—CtotH Fipers 
began to herd animals. It was Ape PMABEED) 
the basis of one of the first indus- Why Is woe! cloth ee 
tries known. 

A characteristic of woolen threads is their minute project- 
ing scales. These scales hold the threads together, give 
them firmness, a rough texture, and good wearing qualities 
(Fig. 321). Wool holds large quantities of air between the 
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fibers, allowing the absorption of moisture and the retention 
of heat by the body. It is this property which makes woolens 
so warm in winter. One never feels clammy or chilled in 
them after violent exercise because they absorb the perspira- 
tion from the body surface. 

(b) Cotton. Since cotton threads are much smaller than 
woolen threads and also lack the scaly projections, cotton 





FIGURE 322.—A SouTHERN COTTON FACTORY. 


Here cotton is spun into thread and the thread woven into cloth. 


cloth is always more closely woven; the air spaces between 
the threads are smaller and the cloth is thinner. Thus, since 
little air is held in the cloth, it allows heat to pass readily 
through it. It is thus a poor winter covering but a good 
summer covering for the body (Figs. 321 and 322). 

(c) Linen. Linen thread and cloth are made from the 
macerated (softened) fibers of the stem of the flax plant which 
is grown in large quantities in Belgium and France. Linen 
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cloth is always stiffer than cotton cloth and takes starch 
more readily. 

(d) Silk. This wonderful substance comes from the cocoons 
of the silk moth larva, which spins it during its change from 
the caterpillar to the adult flying insect. Dipped in boiling 
water which kills the inclosed organism, the silken threads 
are unrolled and woven into silk cloth. It takes 90,000 silk 
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FicureE 323.—A Sik MILL. 


Here silk threads are spun and woven into delicate fabrics. 





cocoons to make one silk dress. Most silk is produced in 
Japan and woven into cloth in the United States (Fig. 323). 

(e) Rubber. Our rubbers and raincoats come from the latex 
(1a’téks) or milk of the India rubber tree largely grown in 
Brazil and known as Pararubber. Study Figure 324 and see 
how the milk is obtained. Wooden paddles are dipped in 
this latex or milk and dried over a smoky fire. Layer after 
layer is formed on the paddle. Then it is stripped off and 
sold as raw rubber. It is then mixed with sulphur to pre- 
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vent rotting, run into molds, and made into gloves, rubbers, 
and many other familiar articles. 

(f) Furs. Inthe skins of fur-bearing animals no removal of 
the hair takes place. After being dried or cured the skin 
side is covered with cloth 
or other material, leav- 
ing the fur exposed. 
The great warmth of furs 
is due to the fine hairs 
which hold great quanti- 
ties of air between them. 
It is estimated that the. 
fur of a cat consists of 
92% air and only 8% real 
hair. Furs are the warm- 
est coverings that can be 
worn in extremely cold 
weather because they are 
great non-conductors of 
heat. Explain. 

546. How the Skin 
: U.S. Rubderco. Regulates the Body 

FicurRE 324.— TapPING A RUBBER TREE. Heat. — If you were to 
Raw rubber is asap, which hardens andis take your temperature 
hetedtomaketeughand durable, Name with a clinical thermom- 
eter on the coldest day 
in winter and again on the hottest day in summer, both 
readings would show 98.6°F., provided you were in good 
health. Howdoesthishappen? The blood in the skin gives 
off heat, and the skin regulates the body temperature by con- 
trolling the amount of blood in the skin. You feel cold or 
warm according to the amount of blood in the skin, but 
the internal temperature of the body remains the same. 

The skin is richly supplied with sweat glands (Fig. 325), 
which open upon its surface. During exercise, excess body 
wastes in the form of water, uric acid, oil, and salt are carried 
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by the blood to these glands and are excreted by them 
out upon the surface of the skin. Heat goes with these 
wastes, which are evaporated from the surface of the body, 
and the body is cooled. On a cold day, the blood keeps 
away from the skin surface, the pores are closed, and this” 
heat tends to stay in the body where needed. Why do you 
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FicureE 325.—SeEcTION THROUGH THE SKIN. 
Study each labeled part. Try to determine the function of each part. 


feel uncomfortable on a warm “muggy” day? Why do you 
feel comfortable on a clear, cold day? 

547. Clothes and Body Protection. — Dark woolens should 
be worn in winter because much radiation of heat then takes 
place from the body and you want to keep the heat in. 
Furs are valuable, then, for the same reason. Explain. 
However, in summer, white cotton and linen are best used 
because in that season you desire to lose heat. On the other 
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hand, excessive exertions in summer may result in a cold due 
to the too rapid loss of heat after the exercise and the inability 
of cotton or linen to stop this loss. Explain. In such cases a 
' warm sweater made of wool is best to use as a temporary 
" body covering until the danger point is past and the clothing 
is changed. This is why athletes always don warm wrap- 
pings after a race. In cool summer evenings it is well to wear 
a sweater. Explain. To allow the loss of body heat, silk 
clothing is commonly worn in summer. Cloth or canvas 
shoes are cooler than leather shoes. In fact, leather is a 
poor conductor of heat at all times. It keeps our feet warm 
in winter, but it lets little body heat out, often causing sweat- 
ing and sore feet. Leather shoes should actually have air 
holes in them for ventilation, but at the same time the danger 
of wet feet should be guarded against. Rubbers keep in 
most of the heat and so should never be worn except when 
actually needed for protection against cold or water. In all 
your uses of clothes you should keep in mind how they can best 
be worn to take account of (1) sudden changes in weather ; 
(2) change of seasons; (3) changes in temperature. 
548. Underclothing and the Skin. — In winter you should 
-wear underclothing which is a relatively poor conductor of 
heat. A mixture of wool and cotton is best because the wool 
absorbs the moisture from the body, thus preventing chills, 
and the cotton allows excess heat to leave the body. Most 
colds are due to the use of too heavy or too thin underwear. 
Indoors, many people are constantly perspiring. When they 
step out in the cold the skin pores close suddenly, congestion 
takes place, and a cold results. The solution is the use of 
relatively light underwear of great porosity and the wearing 
of heavy outer garments which can be put on or removed - 
with ease. 


4. CARE OF THE SKIN AND CLOTHING 


549. Care of the Skin; Bathing. — Some of the skin waste 
is gradually worked into the clothes, and some remains upon 
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the surface of the skin. This waste must be removed if 
one is to be presentable and healthy. The frequent bathing 
of the body and thorough washing of all underwear is the 
right solution of this problem. Bathing keeps the pores of 
the skin open and clean. In summer, baths should be very 
frequent ; in winter, at least once 
each week. Explain. A cold 
shower hardens the skin, tones 
up the whole body, hastens cir- 
culation, and cleansthe skin. A 
thorough rubbing down after the 
shower makes for greater vigor 
and health. Butifachill always 
follows a rub down, cold baths 
are not good for you. Experi- 
ence will give you the final word 
in this matter. Change slowly 
from warm to cold water and 
the average body will become ac- 
customed to this change and 
will welcome the stimulus. Cold 
baths should be taken in the 
morning, never at night. Warm 
baths should hi be taken in FicuRE 3264.— A Wronc-TOED 
the morning. Going out with Saw 

open pores may mean sickness. 1, enlarged joint and toe bent 
Explain. It must be added that out of line. 2, where toe should 
a thorough use of a good soap be. 3, the end of the big toe 
: 2 pushed over the next toe. 

is always to be recommended in 

bathing because this treatment is necessary to insure the 
complete removal of all body wastes and odors. 

550. Care of Feet. — The feet should always be kept dry 
when in shoes. If they become wet, they should never be 
allowed to remain so. Rubbers will prevent colds, because 
they keep out the wet and prevent the loss of heat from the 
body. Foot folly is one of the greatest disturbers of our com- 





Dr. W. A. De Lacey. 
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fort to-day. Men and women, boys and girls should know 
the necessity and advantage of sensible shoes and comfort- 
able feet (Figs. 326a and 326b). 

551. Sixteen Health Rules You Should Keep. — In the 
book entitled ‘‘ How to Live” by Professor Irving Fisher of 
Yale University, and Dr. E. L. Fisk, the statement is made 
that 600,000 deaths in the United States might be prevented 





Dr. W. A. De Lacey. 
FicurRE 3268. — A Wronc-HEELED SHOE. 


This girl is straining her foot. Why? This means deformed leg muscles 
and feet. Avoid the extremely high heel. 


each year if our present knowledge of hygiene were actually 
applied in daily life. It is also stated that one half of the 
3,000,000 people who are constantly ill in this country might 
be well if hygiene were practiced, and that the financial loss 
from loss of earnings through sickness is $1,500,000,000 each 
year. Finally, the authors tell us that fifteen years would 
be added to the average length of life if all obeyed the rules 
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of hygiene which have already been given we at the end of 
Chapter XIX. 

Hygienic living costs nothing. Fresh air is free, water is 
cheap, exercise is free, soap is cheap. Review and memorize 
the rules on page 580. Try to follow them in your daily life. 

552. Body Protection and Work. — No engineer would 
keep his position long who did not give proper care and pro- 
tection to his engine. Your ability to make the human en- 
gine do its appointed daily tasks depends upon your knowl- 
edge of hygienic rules and your ability to use your will power 
to follow these rules day by day. You cannot become an 
athlete in a minute nor can the body be destroyed in a min- 
ute by neglecting proper habits of living. Progress or de- 
struction are both accumulative over the years, but the results 
are as certain as anything canbe. To be happy and success- 
ful in life depends upon what you are doing with your body. 

Boys and girls who keep the body clean in every way and 
respect it are confident and capable. Since they are honest 
with themselves, they are not ashamed to look anyone in the 
eye. This self-respect which comes from thorough cleanli- 
ness and body protection makes for happiness and success. 
Such success is yours for the asking. What will you do 
about it ? 

SUMMARY 

Since all living things must have food, there must be a continual 
conflict between man and other organisms. Among the latter are 
the house fly, mosquito, flea, louse, bedbug, — all of which may bite 
man, perhaps injecting into his blood disease germs, or may pollute the 
food which he eats. Again, certain house insects (cockroaches, ants), 
rats, and mice are disagreeable because of their filthiness. 

To control these pests we must know their complete life history 
and habits in order to attack them at their weakest point. Destruc- 
tion of the larval forms of the insects by oils, the elimination of 
wastes where they breed, and the use of powerful poisons are found 
to be most effective. 

The human skin is the natural defense against disease. If it is 
broken, and disease germs enter the blood, the white corpuscles some- 
times destroy these germs. Substances called antitoxins, produced by 
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the blood, check the effects of the bacterial poisons (toxins). In 
some cases, immunity can be gained only by artificial means. Vac- 
cines, when injected into the blood, give one a mild form of the 
disease, thus causing the production of antitozins to check .the 
toxins of smallpox, ete., should they enter the body. 

Disinfectants prevent the growth of germs outside of the body. 
Antiseptics are applied to the body itself. The greatest aids to 
good health, however, are a clean body, clean clothes, clean food, 
clean homes, and clean places of social meeting. 

Clothing made from wool, silk, cotton, leather, furs, rubber, etc., 
protects the body from the weather and injury. The skin and cloth- 
ing regulate body heat. It is important to know what clothing to 
wear and when to wear it. 

Bathing keeps the body free from odors, increases circulation, 
tones up the body, and helps to protect it from disease. Bathing 
must be adjusted to the age, to the seasons, and to time of day. 

The feet need care through proper sized and shaped shoes, bathing 
of the feet, etc. Finally, all clothing should be kept in a clean and 
whole condition. This develops self-respect, insuring happiness and 
efficiency. 


Remember that : 


1. Certain insects, in destroying food and biting man, infect both 
with disease germs. 

2. The body is naturally protected against disease germs. 

3. Artificial reinforeements must often be used to aid the body 
“in warding off disease. 

4, Proper habits of living are the best guarantee against disease. 

5. Proper clothing, proper bathing, and proper care of the feet 
are tremendous aids in insuring body efficiency and comfort. 


THOUGHT QUESTIONS 


1. What disease caused the greatest number of deaths in your 
town or city during the past year? Can you account for this? 

2. How can you prevent the breeding of mosquitoes near your 
home? 

3. Why is expectoration upon street cars, public buildings, and 
on sidewalks prohibited in most towns and cities? 

4. What is the advantage of laws preventing the use of public 
drinking cups? 

5. What is meant by a disease carrier? Give examples. 

6. Give several reasons why meat and provisions should be kept 
under glass in markets and food stores. 
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7. Someone has said that the total weight of all the micro- 
organisms in the world is greater than the total weight of the ani- 
mals of the world. Discuss this statement. 

8. The average length of life of man in the world is increasing 
every year. Why? Explain. 

9. Men have exterminated the passenger pigeon and other 
animals, yet not one species of bacteria has been exterminated by 
man. Explain. 

10. What is the great advantage of keeping food_in sealed con- 
tainers? 
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STUDY OF THIS CHAPTER 
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Cruess. Food and Farm Food Preservation. The Macmillan Co. 

Evans. How to Keep Well. Roebuck. 

Harding. Boots and Shoes. Isaac Pitman and Sons, 

Hartman and Bibb. The Human Body and Its Enemies. World 
Book Co. 

Herrick. Insects Injurious to the Household. The Macmillan Co. 

Moore. Linen: From the Field to the Finished Product. Isaac 
Pitman and Sons. 

Turner. - The Nature of Fabrics. D. Appleton and Co. 
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Stevens and Beadle. Rubber. Isaac Pitman and Sons, 
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Sir William Ross believed 
that the Anopheles mosquito 
carried the malaria germ. 
Through experiments in Italy 
and England, he conclusively 
showed that his belief was 
right. People exposed to the 
bites of an infected mosquito 
contract malaria. 
Dors? CASES or 
TYPHOID FEVER 





Key Picture 23.— How. DIsEASE Is SPREAD AND PREVENTED. 


Tell the story of how smallpox and diphtheria are prevented. Tell the 
story of the milk-man and his route. 
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CHAPTER XXIII 


THE WORK OF PROTECTING THE COMMUNITY FROM 
THE DANGERS OF ITS ENVIRONMENT 


With health all taste of pleasure flies. 
Nor love, nor honor, wealth nor power 
Can Sive the heart a cheerful hour 
When health is lost. Be timely wise. 
—Gay 


Almost every discovery in science, almost every advance in engineering 


has contributed some fact or condition of practical importance to gen- 


eral hygiene. —Wm. T. Sedgwick. .- 


| Do you live in a healthy community? What makes it 


so? Does this help your town? How? Think of some 
of the dangers which come because you live with a large 
number of other people in a town or city. How must a 
community protect its food and water supplies? Why 
must it protect them? Did you ever hear of an epidemic 
in a city? What is an epidemic? Give several ways in 
which epidemics are prevented or stopped. Did you ever 
hear of the Great White Plague? Whatisit? Howcan 
this be checked? How prevented? Howcured? Why 
are insects of great danger to your town? Why must you 
have good health officials in a town or city? Howcan you 
be a good citizen in your town as far as the health of your 
town is concerned? A close study of this chapter will 
help you become a better citizen. 





Some Practical Questions : 


1. Why are epidemics less frequent and less to be feared than in 


the days of our forefathers? 
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2. Why is it right that you should obey the orders of health 
officers at all times and especially during an epidemic? 

3. Why are epidemics rare in the country districts? 

4. Why is machine-made ice required by health officials even in 
cities where natural ice is plentiful? 

5. Inspect your own home and indicate the things or conditions 
which might contribute to the beginning of an epidemic in your 
neighborhood. 
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FicguRE 327.—A MopbeLt Cow STABLE. 


From this stable milk is sent to New York City. What makes it a good 
stable? 


Home Problem. — Make a careful survey of your home for one 
week and discover, if possible, any way in which you or the members 
of your family are doing things which might in any way cause sick-~ 
ness in the community. If you find such negligence, try to explain 
the situation to your parents and have them coéperate with youin 
stopping it. Report your results to your teacher. 

Field Problem. — Make a study and survey of your entire block. 
Note if any families are neglecting to do the necessary things to 
keep the community from sickness. Kindly suggest to any family 
showing neglect that it would be nice if they would keep in mind 
the rest of the block or if you had rather do so, consult your street- 
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cleaning inspector and determine by his help whether or not you 
should notify the health commissioner of the conditions you note. 
Report the results of your work to the class. 


1. DANGERS IN AND PROTECTION OF THE Foop Supply 


553. The Health of the Community. — To-day a com- 
munity is judged by its health record, because the health 
of any community is dependent upon its cleanliness. Again 
its cleanliness is dependent upon the efficiency of the com- 
munity officials, especially the health officers. Finally, the 





FicurE 3284.—A DANGEROUS Foop STORE. 


Is the sign a true one? List all the bad conditions here. Explain them. 
Note the cat. Refuse to trade at such stores. 


efficiency of the health officers is dependent upon the kind 
of people that live in the community. Thus, we see that 
the health of any community largely depends upon the kind 
of people that live in it. Explain. 

554. Agencies for Protecting the Health of the Commu- 
nity. — City and large town governments are generally 
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divided into bureaus or departments, each one having its 
special work to do. The department of street cleaning cares 
for the streets and carries away garbage, ashes, and rubbish. 
The department of health inspects foods, milk, and water ; 
enforces the sanitary code, stops nuisances, controls con- 
tagious diseases and quarantines; and examines patients too 
poor to pay for medical attendance. But in none of its 





FicurRE 328B.—A SANITARY MARKET. 


Why is this store an improvement over the one in Figure 328a? 
Explain fully. 


various duties are its labors so important and yet so 
little noticed by the community as in the control of 
foods. 

555. Protection of Our Foods. — Most cities now require 
the pasteurization of milk which is to be sold within their 
limits. Why? They also inspect this most important food. 
Why? Most cities insist that food stores shall be clean 
and sanitary. Why? All perishable foods and foods not in 
containers must be kept under glass, protected from han- 
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dling by customers, and well screened.!. Explain. Foods 
must not be displayed on the sidewalk or floor, Why? 
Again, our meats are inspected by United States officials 
who are paid to see to it that all animals killed for meat are 
in good condition when killed. 





FicuRE 329, — FEDERAL INSPECTION OF MEAT. 


This is a cold storage plant. The meats are being inspected, however. 
Why? Of what value is this to you? 


Fish, fowl, and like foods are examined in cold storage 
(Fig. 329) and even in the market. If found unfit for use, 
they are condemned and destroyed. Thousands of pounds 
of groceries and canned goods have been destroyed because 
they were unfit for use. 


1In actual tests 15 bacteria were found on culture dishes exposed 
10 minutes in a supposedly clean glass case, while one dish exposed 
on an open counter 10 minutes collected 800 bacteria. On the side- 
walk 10,000 bacteria were collected in 10 minutes and in a loaf of 
wrapped bread 7500 bacteria were found. ' 
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Figure 330.—A FILTHY BAKERY. 


This shop is in a cellar. Name the wrong conditions here. Choose your 
bakery with care. 


556. Food Adulteration.— We have already mentioned the 
importance of restricting and controlling food adulterations.! 


1906 SEES ae 612 
100) CSC aa aed | 25 
1908 53 

1909 ij 13 

1910 12 

1911] 10 


19126 
FicuRE 331.— EFFECT OF THE PURIFICATION OF WATER SUPPLY. 


How the typhoid fever death rate was reduced in Pittsburgh, Pa., 
through filtration. 


1 In many towns and cities merchants selling only pure foods are 
placed on ‘‘ white lists’? which are published in the newspapers. 
Westfield, Mass., publishes a pure food booklet which may be had 
for the asking. 
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That the government uses the great power given it to 
protect the people is shown by the following: 


12,000 PROSECUTED UNDER PURE 
FOOD LAWS 


Adulteration and Misbranding Being Gradu- 
ally Corrected by Federal Seizures. 


August 25, 1924. Great progress is being 
made by the government in the seizure and 
prosecutions of misbranders and adulterators 
of foods. There have been 600 egg seizures 
and prosecutions based upon spoiled eggs. 
100 cases of misbranded flour have been 
completed. Dairy products and other simi- 
lar products comprised over 1000 of the 
12,000 court actions mvolved. In some 
cases three kinds of adulteration were found 
in one batch of milk—skimmed, watered, 
and spoiled. Ls 

Other recent seizures under the Pure Foods 
and Drug Act include flavoring extracts, 
vinegar, oysters, nuts, oranges, canned fruits 
and vegetables, evaporated apples, bever- 
ages, candy, coffee, lard, meat, jams, jellies, 
syrups, stock feed and grains. 

—New York Times. 


557. Control of Water Supply. — This topic was fully 
treated in Chapters VI and VII. You are advised to review 
it thoroughly (also your notes written in your Science 
Discovery Book) as an aid to a full understanding of the 
importance of the protection of the community from disease. 


2. DANGERS IN AND CONTROL OF EPIDEMICS 


558. Epidemic Diseases.—In the North Temperate 
Zone it has been found that the following diseases are epi- 
demic: Typhoid fever, diphtheria, scarlet fever, measles, 
mumps, whooping cough, smallpox, meningitis (mén’in- 
ji/tis), infantile paralysis, and influenza. By being carried 
from one person to another by contact, by being scattered 
through air, dust, water, and milk or other foods, the germs 
of such diseases may infect a whole community (Fig. 332a). 

559. Control of Epidemics by Quarantining. — All epi- 
demics need immediate and rigid control. Children are 
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often sent to school after being exposed to contagious diseases, 
and during the incubation period of the disease may cause 
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New York Dept. of Health. 


FicureE 332A.— How TypHoip FEVER Was SPREAD BY MILK. 


On August 1 the first case developed. Note August 29 and September 1. 
How did all these cases arise? Tell the story. 


an epidemic. This is extremely dangerous. Explain. One 
of the methods used to prevent the spread of epidemics is 
that of quarantine (Fig. 332b). In every well-governed 


DEPARTMENT OF HEALTH 


THE CITY OF NEW YORK 


DIPHTHERIA 


All persons, not occupants of this apartment, are 





advised of the presence of Diphtheria in it, and are 
warned not to enter. 


The person having Diphtheria must not leave the 
apartment until the removal of this notice by an 
employee of the Department of Health. 


By order of the 
Date sae LOS BOARD OF HEALTH. 
Posted by — SB wees meer 
New York Dept. of Health. 
FicuRE 3325n.— A QUARANTINE PLACARD. 
What is the use of this card? What does it do 
for the public ? 





city all cases of con- 
tagious diseases must 
be reported at once to 
the authorities. They 
immediately placard 
the home where the 
disease occurs, warn- 
ing people to keep 
away and _prohibit- 
ing the going out 
of any well members 
of the family or the 
moving of the person 
having the disease. 
In New York Har- 
bor, the Federal Gov- 


ernment keeps a quarantine station at Hoffman’s Island 
in the Narrows and the hospital at Ellis Island takes care 
of all diseases brought in by immigrants. 
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560. Prevention of Epidemics by Use of Disinfectants. — 
The use of chemicals in drinking water is essential to the 
proper care of the water supply. Again, care must be taken 
thoroughly to cleanse a home after the quarantine has been 
lifted from it. The burning of sulphur or formaldehyde 
was formerly recommended for this purpose in New York 
City, but now soap and water are the only cleansers required. 

561. Vaccination. — Perhaps the greatest modern aid in 
the prevention of epidemics is vaccination. This method was 
first discovered by Dr. Edward Jenner in 1796, in connection 
with the disease smallpox. The method of action of the virus 
(poison) is simple. The virus which contains the weakened 
bodies of bacteria and their poisons is put into the blood of 
a person who has never had smallpox. The blood at once 
begins to build up a substance in itself to counteract these 
toxins or poisons. These new substances are called anti- 
toxins. The person vaccinated has a mild form of cowpox, 
gets over it, and the antitoxins are left in his blood for an 
indefinite period. If the real smallpox germs should later 
happen to enter his body, the antitoxins are there ready 
to combat them or neutralize them and the person suffers 
no harm, in short, does not “catch” the disease (Key 
Picture 23). 

562. Effect of Vaccination upon the Death Rate. — In 
Boston in the year 1721 more than half the people in the 
city had smallpox and nearly 10% died of it. It has been 
estimated that more than 60,000,000 people died of the disease 
in Europe from 1700 to 1800. Rarely does an outbreak of the 
disease now occur in the United States or even in Western 
Europe. In New York City, with a population of 6,000,000, 
there is now one death in six years from this disease. 

563. Antitoxins. — In 1890 Dr. von Behring (f6n ba’ring), 
a German bacteriologist, discovered an antitoxin which, 
when injected into the body, was at once circulated by the 
blood and almost immediately began to neutralize or stop the 
effects of the toxins which cause diphtheria. 
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When a person is suspected of having diphtheria, a culture 
is taken from his throat, sent to the board of health, and 
examined. If the report is positive, a bottle of serum or 
antitoxin is at once procured by the attending physician and 
injected into the blood of the patient by means of a hypo- 
dermic needle. Most physicians do not wait for the report 
but inoculate at once. Why? 

564. Effect of Antitoxin upon the Death Rate. — The 
effect of diphtheria antitoxin upon the death rate was im- 

mediate as soon as 


No Deaths : 
iokeriaaa it began to be used. 
2nd Day I 5 Deaths in Every 100 Cases Formerly, in New 
3rd Day Wa «uo « York City, 40% of 
‘th Oy ro all persons contracting 
the disease had died, 
Sth Oxy i 20 


but when this preven- 
tive was used, less than 
8% died. To-day but 
one person in 100,000 
in New York City dies of the disease.1 The value of early 
treatment is well shown in Figure 333. 

565. Hydrophobia Virus. — Louis Pasteur experimented 
for many years upon an antitoxin for the terrible disease 
called hydrophobia (hi’dré-f{6’bi-a), resulting from the bite of 
a mad dog. Finally in 1885 he announced a specific treat- 
ment for it. Begged to try it upon a child who had been 
bitten by a dog, he finally consented and injected into the 
child several doses at stated intervals. The child did not 
develop the disease. Subsequent tests showed that the 

1 Experiments have shown that when the body is injected with the 
toxins of certain diseases, there will develop evidence as to whether 
the body is able to ward off certain diseases. Four of such tests 
are widely used. (1) The Schick test tells whether one is immune 
or can contract diphtheria, (2) The Widal test indicates whether 
a person has or has had typhoid fever. (3) The tuberculin test 


shows whether a person has or has had tuberculosis. (4) The Dick 
test shows whether one is susceptible to scarlet fever. 


FicurE 333.—How THE DIPHTHERIA ANTI- 
TOXIN WORKS. 


Study this graph and explain the story it tells. 


Popular Science 
Monthly. 


Louis Pasteur 
(1822-1896) 


Born in a little village in France on December 27, 1822, he received 
from his parents the hereditary qualities and training which fitted him to 
become the greatest scientist of his age. He possessed an untiring curi- 
osity, a persevering mind, a high regard for scientific truth, a firm be- 
lief in God, and a great desire to serve mankind. A learned physiologist, 
he also became a great teacher of geology and physics, with a genius for 
making difficult problems so clear and simple that the average person 
could understand them. 

Working in the field of biology he demonstrated that life can come 
only from life; that most diseases are caused by toxins (poisons) given 
off by bacteria; that fermentation and putrefaction are the results of life 
processes; and that heat will destroy germ life in food without destroying 
the value of the food. He discovered cures for the silkworm disease, 
cattle fever, and hen cholera. He improved methods of vaccination and 
discovered an antitoxin for the prevention of hydrophobia. He placed 
in our hands the means of combating most of the dread diseases of 
to-day. He made milk safe for infants through pasteurization. 

Though he was denounced on every hand because of his novel ideas, 
he persisted in demonstrating his theories and proving their correctness. 
Finally his gentle but confident manner convinced the world that he had 
something worth while for it and it was glad to pay him homage. 

France holds Pasteur in veneration as the greatest man whom she has 
ever produced. His discoveries brought untold relief from suffering to 
mankind. His wonderful service to men merits their eternal gratitude. 
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virus can check most cases of hydrophobia and to-day the 
Pasteur treatment is a common one, given at Pasteur Insti- 
tutes the world over. 

566. Typhoid Vaccines. — Recent discoveries of Pro- 
fessor Wright in England led to the use of a vaccine for 
preventing typhoid fever. This vaccine was first used in the 
British army with great success. Tests showed 10 times 
as many cases among regiments which had not been treated 
as among those which had been treated. Fourteen deaths 
occurred among 7,000 unvaccinated soldiers, while no deaths 
occurred among the inoculated soldiers, 9,000 in number. 


3. TUBERCULOSIS: ITs NATURE, PREVENTION, AND CONTROL 


567. Tuberculosis. — This disease in its destructiveness 
equals smallpox, diphtheria, typhoid fever, cancer, diabetes 
(di’d-bé’téz), appendicitis (d-pén’di-si’tis), and spinal menin- | 
gitis put together. More than 500,000 people now have it 
in the United States and at that rate more than 5,000,000 
persons now living in this country will die of it. 

Tuberculosis is a disease of civilization. It occurs in dif- 

ferent parts of the body, but the commonest form, that dis- 
cussed here, occurs in the lungs and is known as consumption. 
It is common where people live in homes built closely to- 
gether and improperly lighted, heated, and ventilated. Savage 
tribes know little of the disease until they come into contact 
with white men or begin to live in closed houses. Prevent 
unhealthy living conditions and the disease rarely appears. 

568. How Tuberculosis Germs Cause Disease. — Persons 
afflicted with tuberculosis are continually coughing up sputum 
from the throat and lungs. This sputum is loaded with 
broken-down lung tissue which has been hardened by con- 
sumption bacteria. If a patient spits this sputum upon the 
ground or sidewalk, it slowly dries and sets free the bacteria . 
or germs which cause the disease. Dust particles covered 
with these dried germs are carried about by the wind. When 
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some of them enter the nose or throat of a weak-lunged person, 
the result may be and often is a new case of tuberculosis. 
Again, tubercular patients, when coughing or sneezing, spread 
a spray containing myriads of the germs. 

569. Tubercular Foods. — Investigation has shown that 
many cattle contract tuberculosis through the sputum of 
infected persons who have thoughtlessly spit on the grass 
or other food of the cattle. : 

Consequently, milk, butter, and cheese are often tuber- 
culosis germ carriers, as was shown in Washington, D. C., 
where nearly 6% of all milk tested was infected with these 
germs, while 17% of the cans examined had them in abundance. 

570. Cure of Tuberculosis.— The cure of incipient 
(just starting) tuberculosis is so simple that it seems almost 
foolish to suggest it. It simply consists of (1) fresh air (day 
and night) ; (2) plenty 
of sleep and rest; 
(3) good nourishing 
food ; and (4) sunlight. 
In securing these con- 
ditions you set up 
factors which make 
war upon tuberculosis 
germs and destroy 
them. Can you tell 
how each factor helps 
in killing the germs? 

In some localities, 
notably in Bwitzer Ficure 334.—How To MAKE A PAPER 
land, patients are en- DrinkInG Cup. 
cour. aged to exercise Make a cup like this from a sheet of writing 
with arms and legs paper. What is the advantage of this cup? 
bare, even in the snow, 
the cold air and bright sunlight stimulating the skin and 
killing the germs. Another excellent help is to expose the 
chest to the direct rays of the sun for a definite period each 
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day. Bacteria cannot stand the direct white light rays. 
Of course, the body should not be chilled. 

Signs marked ‘ No spitting” are common now in public 
buildings and on public conveyances. Explain. Besides 
spitting, a common source of infection is the public drinking 
cup. This has been abolished in many states by law. 
Proper substitutes are paper cups similiar to those furnished 





Trudeau Sanatorium. 
FicuRE 335.— PART OF THE TRUDEAU SANATORIUM FOR CONSUMPTIVES AT 
SARANAC LAKE, NEw YORK. 


Here persons who show symptoms of tuberculosis are made well at very low 
expense — simply their cost of keeping. 


by railroads to their patrons. They can be purchased in 
many places for a penny. Or better, one can carry his own 
cup or can make one from a piece of stiff paper 7 inches 
square. Study Figure 334 and learn now how to make one. 

571. Sanatoriums and Society. — Many cities now own 
municipal sanatoriums where tubercular cases are treated. 
At Otisville, N. Y., is one owned by New York City. At Mt. 
McGregor, N. Y., the Metropolitan Life Insurance Company 
maintains one for its employees and policy holders. Private 
enterprise and benefactions have been the means of building 
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many of these institutions all over the country. One of these 
of much note is the Trudeau (tri-dd’) Sanatorium at Saranac 
Lake, N. Y., built by Dr. Trudeau, himself once a consump- 
tive patient, and his friends. This sanatorium is a monu- 
ment to the people of the country who believe in helping 
‘others less fortunate than themselves (Fig. 335). 

Organizations such as the Red Cross, the American Asso- 
ciation for the Study and Prevention of Tuberculosis, and 
many others are all doing a noble work in combating the 
disease. Asa result of all these activities since the year 1880, 
the rate of deaths from this cause in the United States has 
dropped more than 50%. It rests in the hands of the com- 
munity and its health officers to determine whether within 
30 years this disease can be completely driven out. Some 
men say that this is possible. 


4. InsEcTs AS ENEMIES OF THE COMMUNITY 


572. Insects and Disease. — Five thousand American 
soldiers died of typhoid during the Spanish American War, 
and we now know that most of these deaths were due to 
typhoid flies. It is estimated that the annual financial loss 
in this country from typhoid alone is over $350,000,000, and 
the fly is responsible for most of it. It is also estimated that 
90% of the loss in lives and money could be eliminated by 
proper community measures (Key Picture 23). Some 
cities require all manure piles to be treated with borax and 
then watered. This kills the eggs and larvae. Traps for 
catching flies are used on the streets in some communities. 
This helps, but it does not remove the source of the flies. 

573. The Mosquito Menace.—The Anopheles mosquito 
carries the animal parasite which causes malaria, one of the 
most widespread diseases to-day. Its prevention, like that 
of yellow fever, is largely brought about by extermination 
of the mosquito. It greatly lowers the efficiency of all peo- 
ple who contract it. Study Key Picture 23 and learn the 
more important parts of it. 
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5. YeLLow Fever AnD Its ConTROL 


574. Yellow Fever. — The history of the discovery of the 
cause of yellow fever reads like a detective story. In 1878 
there were 125,000 cases and 12,000 deaths in three states 
alone. In 1900, army surgeons were working on the dis- 
ease in Havana, Cuba. The progress and results of their 
great experiment can best be understood by reading the 
biography on the opposite page and studying Figure 336. 
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FicuRE 336. — DIAGRAM OF THE YELLow FEVER Hut. 
Study this carefully and explain fully what it shows. 


6. THe Duty oF THE COMMUNITY AND THE INDIVIDUAL 


575. The Duty of Public Officials. — Too often neglect and 
politics interfere with a city’s health conditions. In one 
community thus afflicted a physician had forgotten to report 
a contagious disease and 270 cases resulted from his neglect. 
Inefficient health officers are too often placed in office through 
political “pull.” ‘There can be no compromise between 
politics and the death rate. Health officers must be en- 
couraged and backed up by public opinion. You are going 
to form the public opinion of the next thirty years. How 
can you help make your community healthy? 

The duties of health officers should be to (1) collect facts . 
(2) control communicable diseases; (3) use all known 


Dr. Jesse Lazear, Dr. Walter Reed, Dr. Carroll, and Others 


A Yellow Fever Commission, headed by Dr. Walter Reed, began 
work in Cuba in 1900 to find out by experimentation the cause of 
yellow fever. Within six months it was proved that the bite of the 
female Aédes mosquito causes 
the disease. Dr. Lazear, of 
the Commission, was bitten 
by a mosquito which had 
bitten a person suffering from 
the disease. Within a few 
days he contracted the dlsease 
and died. A memorial tablet 
attests his heroism by the fol- 
lowing inscription : 

** With more than the cour- 
age and devotion of a soldier, 
he risked and lost his life to 
show how a fearful pestilence 
is communicated and how its 
ravages may be prevented.” 

Dr. Carroll was also stricken 
with the fever after being 
bitten. Be, . 4 

To guard against possible U.S. Army Photo. 
error in the earlier experiment, Jesse Lazear 
two soldiers, John R. Kissenger 
and John J. Moran, volunteered for the test, ‘‘ solely in the interest of 
humanity and in the cause of science’’ as they themselves said. Both 
contracted the disease. These tests proved that yellow fever is car- 
ried by the bite of a particular mosquito (Aédes) and that contact with 
a person suffering from the disease will not cause one to contract it. 

Dr. Reed’s letter to his wife on December 31, 1900, an extract 
of which is here given, throws light upon the high purposes and char- 
acter of these men who dared so much to serve the world. — ‘‘ It has 
been permitted to me and my assistants to lift the impenetrable veil that 
has surrounded the causation of this most wonderful, dreadful pest of 
humanity and put it on a rational and scientific basis. I thank God 
that this has been accomplished during the latter days of the old cen- 
tury. The prayer that has been mine for twenty years that I might 
be permitted to alleviate human suffering has been granted.”’ 

The world needs such science and such scientists as these to make 
it a better and a more beautiful place in which to live! 
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methods to reduce infant mortality; (4) keep the commu- 
nity clean; (5) enforce all health ordinances ; (6) control the 
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FicuRE 337, — DIPHTHERIA DEATH RATE 
IN THE UNITED STATES. 


Study this graph and explain the story it 
tells. 





fly and mosquito nuisance ; 
(7) guarantee pure drink- 
ing water; and (8) prop- 
erly remove all sewage. 
Can you tell why each of 
these points is important? 

Investigation has shown 
that in cities of from 
30,000 to 50,000 inhabit- 
ants, but 27 cents is spent 
on the health of each per- 
son each year. This is 
holding the lives of people 
too cheaply. $1 per capita 
would be little enough to 
spend upon the very life 
of the community. 

576. How You Can 
Help. — Many towns and 
cities prohibit spitting 
upon the sidewalk. You 
should be especially care- 
ful to obey such rules. 
The more dirt, the more 
disease! You can help 


reduce the amount of street cleaning now necessary, by 
seeing to it that you do not drop or scatter refuse or papers 
in the streets and that all refuse to be carried away is prop- 


erly packed or tied. 
Your garbage pail 


1800 EN 33 Years 


should be kept cov- 1855 NINH 40 Years 
ered and frequently 1920 ESS Years 


cleaned. Refuse  Fyoure 338,—ProrLe Are Livina LoncER. 
should not be allowed Can you give several reasons for this ? 
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to litter up the yard, so that flies can breed. The sidewalks 
should be thoroughly swept every day. Every careless act 
means more work for someone and possibly sickness and 
death. Remember that the conservation of life gives a 
good name to your community. Its good name means its 
prosperity and makes it a place where decent people will 
like to live. ; 


SUMMARY 


The greatest problem of any community is to keep the people in 
a. state of good health. Impure foods, water, and air, together with 
insects and other organisms, constantly endanger the health of the 
community. 

Milk is a source of widespread epidemics. Strict sanitary laws 
to control the handling and storage of milk are very desirable. 
Federal and city inspectors must be constantly on the lookout for 
food law violations. Boards of Health must enforce quarantine. 
Epidemics must be prevented by disinfection, the use of antitoxins, 
vaccines, tests, etc. 

Tuberculosis spreads in milk, water, the air, and in meats. It can 
be prevented by proper control of foods and the practice of proper 
habits of hygiene. 

Insects cause epidemics, great suffering, and economic loss. Spe- 
cial methods of control must be used against the fly and mosquito 
in every community. Some of the greatest scientific discoveries 
have been made in connection with the earriers of disease. 

Because epidemics may be far reaching in their effects it is the 
duty of public officials to place the health of the community first. 
It is the duty of every boy and girl to obey the health regulations 
of the community of which he and she are a part. 


Remember that : 


1. Epidemics of disease are more likely to occur in communities 
than in the country because of the ease with which disease germs 
may be carried to many people in milk, water, foods, ete. 

2. Modern communities must constantly inspect and protect foods 
and the water supply if the health of these communities is to be kept 
at a high level. 

3. Science has developed very definite and efficient methods for 

- the control of community diseases and epidemics. 
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4, The skillful work of Jenner, Pasteur, Koch, Behring, Reed, 
Lazear, and others has been the chief cause of the modern control 
and reduction of such terrible diseases as tuberculosis, yellow fever, 
diphtheria, and hydrophobia. 

5. The future progress and happiness of the world will depend 
upon the application of the discoveries of scientists to the preven- 
tion of disease and the education of everybody to the need of 
obeying the laws of hygiene and the ordinances of Boards of 
Health. 


THOUGHT QUESTIONS 


1. Why should streets be frequently sprinkled ? 

2. Of what advantage is it from a sanitary standpoint to have 
railroads oil their roadbeds? 

3. Hven in regions where ice is very plentiful, more people are 
using artificial ice to-day than ever before. Give a reason for this. 

4. Compare the house fly and the mosquito as to life history, 
effects upon people, and means of controlling them. 

5. In 1896 there were 1282 deaths from yellow fever in Havana, 
Cuba. In 1910 there were none. Account for this. 

6. Discuss the work of Edward Jenner in its relation to the 
health of the community. 

7. Why do many communities require the treatment of manure 
piles with borax or kerosene? 

8. How does oil prevent the production of mosquitoes? 
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PART VIII 


THE WORK OF IMPROVING LIVING THINGS 


To know science is to know the truth no matter where it leads us. 
— Wood 


It is plain that the work of the world would not be carried 
on without life. Rivers would flow, winds would blow, 
rocks would crumble, but there would be no useful work 
done, if there were no living things present to profit by this 
work. 

To carry on work the human engine must have food 
(fuel). To provide fuel, plants and animals must ,be 
grown. To insure a full supply of these plants and ani- 
mals, man must study ways and means of improving 
them so that they shall become larger, better, and more 
abundant. 

Man must see to it that he improves himself by im- 
proving his environment, by increasing his ability to resist 
disease, by developing his mind, and by reducing the 
number of weak people in the world. The Work of the 
World cannot be carried on by weaklings. If it is to be 
improved and made more efficient; if the world is to be 
a better and a happier place in which to spend one’s life, 
there must be constant improvement in the bodily, mental, 
and moral equipment of men and women. We shall study 
together in the next chapter something of the way plants 
and animals came to be as they are now and some of the 
methods by which they are improved. 
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Reproduction in an Ameeba 


The animal simply divides, forming two animals. 
The new ones will be exactly like the parent. Why? 
Note, at x and x’, that the nucleus as well as the 
whole cell divides. 


What goes on inside the nucleus of acell as it divides. At a are seen the chromo- 
somes of the cell about to divide. These carry on the hereditary characters. At b is 
the tentrosome which is supposed to control the division of the nucleus. At c the 
centrosome divides into two parts. At d the chromosomes are breaking up into small, 


short bodies, and the centrosomes have gone to the poles of the nucleus. At e the 


chromosomes have formed in line at the equator of the nucleus. At f they are splitting 
lengthwise and separating. At g they have passed to the centers of the two new cells 
to be formed and at h the wall separates them into two new cells. 


Reproduction in Higher Plants and Animals 


a, the egg cell with fourchromosomes. x, 
the sperm cell with four chromosomes. b, the 
egg cell throws off half of its chromosomes. 
y, the sperm cell throws away half of its 
chromosomes. c¢, z, the sperm cell enters 
theeggcell. d,thetwochromosomes of the 
sperm have united with the two chromosomes 
of the egg producing a new cell cz having the 
hereditary qualities of both cells. Note the 
four chromosomes asat the beginning. Are 
they exactly like those in a? e, two new 


cells are formed by cell division. f, four new 
cells are formed from the two cells. This process now goes on in 1 and 2, forming 
tissues and organs until the whole animal or plant organism is formed. 





Key Picture 24.— How Livinc THINGS ARE PRODUCED. 
678 


CHAPTER XXIV 


THE ORIGIN, CONSERVATION, AND IMPROVEMENT OF LIFE 


A fire-mist and a planet, — 

A crystal and a cell, — 

A jellyfish and a saurian, 

And caves where the cave-men dwell, 
Then a sense of law and beauty, 
And a face turned from the clod, — 
Some call it Evolution, 


And others call it God. 
—William Herbert Carruth. 


What do you know about life? Here we come to the 
last and in some ways the most important chapter of all. 
What will you take for your life? Do you know where life 
came from in the beginning? Do you know how new 
animals and plants get a start in life? Do you suppose 
that bees help flowers in any way when they visit these 


flowers? Are any two living things just alike? What is 
the advantage of this difference? Do you know why you 
look like your father or mother? Do you know how plants 
and animals are improved to-day? Do you think man can 
be improved? How? This is the most interesting 
chapter in the book. 





Some Practical Questions : 
1. How do bacteria and yeasts produce so many offspring and 


why do birds produce so few? 
2. Name all the animals you can think of which produce their 
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young from eggs; by birth. Name some plants which produce 
others by “‘ slips’’; by buds; by seeds. 

3. Why do people often speak of a boy as “‘ a chip of the old 
block ’’? 

4. How do people account for a ‘‘ black sheep’”’ in the family? 

5. Why are people who live in the slums of a city more likely to 
commit crime than people who live in the best parts of a city? 

6. How can we account for a “‘ criminal class ’’? 


Home Problem. —1. Select a small plot in your garden and 
divide it into halves, each two by three feet. Plant in each plot the 
same number of pea seeds, say one dozen, and water one plot every 
third day and water the other plot once a week. Note the results 
after four weeks. Account for these results. Does environment 
affect the growth of plants? 

2. Study the members of your own family. Note the differences 
between your father and mother as to color of eyes, hair, complexion, 
facial expression, and height. Note the characteristics of your 
brothers and sisters, — note how many resemble those of your mother 
and how many those of your father. Compare your own character- 
istics to those of your parents. Is the law of heredity here shown? 
Is the law of variation shown? Can you call yourself a variation? 
Why? 

Field Problem. — 1. Select a small plot ten feet square in a va- 
cant lot. Secure a specimen of every different kind of plant which 
grows in this plot. Does any one kind predominate over the others? 
Tf so, can you account for this? Do the various kinds seem to 
fight for the light? Is there a struggle going on here? Explain. 
Are the leaves arranged so as to shade each other or so as to get out 
of each other’s shadows? 

2. Study people as you pass them on the street. Do you note 
any different types of people? Can you call some intellectual and 
some dull-minded from the looks of them? Which type seems to be 
the more numerous? Do you note any with low foreheads, broad 
heads, and ears set far back on the head? What do you think will 
be the effect of the prevailing type you note upon the country 100 
years from now? 


1. Wuere Livinc Tutnas Come From 


577. The Origin of Living Things. — Your common 
observations teach you that all living things come from 
living things. Plants grow from seeds that grew on plants 
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the season before. Chicks hatch from eggs laid by a hen. 
Frogs come from tadpoles which in turn come from eggs 
laid by the mother frog and fertilized by the father frog. 
All life comes from life. 

578. Cell Structure.— A close observation of a single cell 
under the microscope reveals a cell wall which incloses a bit of 
jelly-like substance called protoplasm containing a heavier 
body of protoplasm, the nucleus (see page 132). Within 
this nucleus is found a mass of irregularly shaped bodies 
called chromosomes (kr6’mé-simz) (Key Picture 24), so called 
because they are bodies which take stains deeply. These 
’ chromosomes are now known to be of great importance in 
the life of all living things. 

579. How New Living Things Are Produced. — Careful 
observation of an ameba or a paramecium (par’a-mé’shi-tim), 
two one-celled animals, will reveal the fact that new individ- 
uals are produced by the splitting or division of the original 
animal into two smaller animals. This method of producing 
new individuals is known as the asexual (a4-sék’shti-dl) method, 
because there are no parents in the sense in which we think of 
parents (Key Picture 24). The parent cell simply becomes 
two cells by splitting in two. However, the chromosomes 
carry to each new animal the qualities of the old one. 

But there is a method of reproduction in which the new in- 
dividual does not look exactly like the original cell, because 
there are two cells involved in the reproduction, — there are 
two parents differing from each other. Each contributes 
something to the new individual. This is the method used 
by most higher plants and animals. 

In this method of reproduction, the grown plant will 
produce different colored flowers from its parents because 
the qualities of both parents were mixed in it. A puppy 
may be spotted black and white though one parent was 
white and the other black. The new individual, then, re- 
sembles both parents in general, but is really different from 
each because it carries in its body the characteristics of 
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both. The chromosomes are responsible for this resem- 


blance (Key Picture 24). 


2. How Puants PrRopucE SEEDS 


580. Flowers and Insects. — Watch a honey bee or bumble 


bee visit a flower. 
visiting flowers. 


These insects seem to make a business of 
They alight on certain kinds of flowers at 





FicuURE 339.— THREE KINDS OF BEES: WORKER, QUEEN, AND DRONE. 


The workers are always busy during the day gathering nectar and pollen. In 
this way flowers are pollinated. How is the bee adapted for this work ? 


exactly the same place at each visit. 


They visit but one 


‘kind of flower while you observe them and they seem to be 


getting something from each flower they visit. 


Closer ob- 


servation will show that the hairy body of the bee is literally 
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FIGURE 3404.—A TypicAL FLOWER IN SECTION. 


Learn all the parts and know their functions. 


covered with a yel- 
lowish powder or dust- 
like substance called 
pollen (pol’én). There 
must be some reason 
for these business-like 
visits (Fig. 339). What 
is the reason? 
Laboratory Exercise. 
— Carefully examine a 


single part of each differ- 
ent group of like parts in 
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.FIGURE 3408. — PoLLINATION AND FERTILIZATION OF A TYPICAL FLOWER. 


A. Stamen Opened. a, anther; p.g., pollen grains; f, filament. 

B. Types of Pollen Grain. t.n., tube nucleus; g.n., generative nucleus. 

C. Pollen Grain and Tube. s.n.(a),sperm nucleus; s.n.(b), sperm nucleus ; 
tn., tube nucleus; p.t., pollen tube; p.g. pollen grain. 

D. Stigma. p.g., pollen grain; p.t., pollen tube. 

E. Section of Pistil Showing Process of Fertilization. p.g.. pollen grain; 
sti., stigma; sty., style; c, cell structure of pistil; sy., synergids, which 
help in fertilization; a.c., antipodal cells which disappear; ov., ovary. 

F. An Ovule in Section. m., micropyle. 

G. A Seed from the Outside. t, testa (covering). 

H. Interior of a Seed. x, embryo; y, endosperm. 
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a gladiolus or tulip flower (Fig. 340a). Note the arrangement of parts 
in these groups. The outer parts are called sepals (sé’pdlz) and to- 
gether form the calyx (ka'liks). This protects the flower in the bud. 
The next set of parts is called the corolla (k6-r6l'a) and is composed 
of petals (pét’dlz). They attract insects. Remember this: The little 
knobbed, slénder bodies are 
called stamens (sta’ménz). 
The top of the stamen is 
called the anther (&n’thér) 
and grows the pollen, a pow- 
der found on the anther. 
Examine some of this dust 
under the microscope and 
draw three grains. The 
stalk is called the filament. 
The center part of the flower 
is called the pistil (pis’til). 
The top of the pistil is 
called the stigma. When a 
pollen grain of the right va- 
riety falls on the stigma, 
it sends a tiny tube down 
through the style (Fig. 340a) 
into the ovary and on into 
the ovule. A male cell finds 
its way out of the tube into the ovule where it fertilizes the egg cell. 
The ovule then becomes a seed. . Flowers whose stigmas use pollen 
produced by their own anthers are self-pollinated; those which use 
only pollen from other flowers are cross-pollinated (Fig. 340b). 





Ficure 341.—TuHEe Corn FLower. 
This is a cross-pollinated flower. 


581. The Work of the Pollen and Ovules.— The bee 
visits the flower for nectar (nék’tar), but its hairy body car- 
ries the pollen from flower to flower, either to the stigma of 
the same flower, or to stigmas of other flowers on the same 
plant or to stigmas of flowers on a different plant. This 
process is called pollination. Study Figure 340b and tell 
what happens after pollination. 

582. The Embryo. — On opening a bean seed, a little 
plant, completely formed but inactive, is found there. This 
little plant or embryo (ém’bri-3) was formed from the fertilized 
egg inside the ovule. The egg was the result of pollination. 
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FicuRE 342. — Steps IN THE LIFE HISTORY OF THE FROG. 


1. Fertilized egg. 2. Two-celledstage. 3. Four-celledstage. 4. Eight- 
celled stage. 5. Cell structure of a later stage. 6. Formation of tissues. 
7. Development of embryo. 8. Tadpole. 9. Appearance of hind legs. 
10. Appearance of front legs. 11. Loss of tail and gills, — fully developed 
frog (with Kings). Tell the story pictured here. 
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583. Development of Animals. — The reproduction of 
animals is surprisingly like that of plants. The mother 
frog produces within her body great numbers of unfertilized 
eggs, which she lays in the water in early spring. The male 
frog places upon these eggs what corresponds to the pollen 
grains of the flower; namely, sperm cells, and thus fertilizes 
them. The sperm cells unite with the egg cells forming a 
new cell. This new cell soon begins to divide into two cells, 
then into four, eight, sixteen, and on up, just as in the flower 
embryo. Finally, a young tadpole is formed from this 
many-celled embryo. The tadpole develops hind legs, then 
its front legs, loses its tail and gills, and becomes our old 
acquaintance, the frog (Fig. 342). 


3. Way Att Livinec Tuines ARE UNLIKE 


584. Heredity and Variation. — We all know that frogs 

taken as a class look very much alike. The young look like 
their parents, due to the handing down of the characteristics 
of one generation to another. This handing-down process is 
called heredity (hé-réd'i-ti). 
_ But a careful observer will notice that all frogs are not 
alike. Living conditions (that is, the character of the en- 
vironment) cause one frog to differ from another in certain 
physical features. They vary in size, color, and even in shape. 
Again, in plants, some sweet peas are white while others are 
red or purple; some short, others tall. They vary among 
themselves, even though they are of the same general kind. 
This tendency to differ among plants and animals of the same 
kind is called variation (va'ri-a/shiin) (Figs. 343 and 344). 

585. How Charles Darwin Studied Science. — Charles 
Darwin, a great English scientist, made a special study of 
variation and heredity, gathering facts and data about them 
on his trip around the world in the ship Beagle, in the year 
1836. He saw many new plants, new birds, and new in- 
sects everywhere. Moreover he saw resemblances between 


Charles Darwin (1809-1882) 


Popular Science Monthly. 


He was born on February 12, 1809. His 
early school days were spent at a private 
institution where he did not shine as a stu- 
dent. His father claimed that he cared 
for nothing but shooting, rat-catching, and 
dogs. While at school he set up a home 
chemical laboratory and was, because of 
this, nicknamed ‘‘Gas.’’ He cared little 
for study and spent his time in the fields 
gathering flowers and insects. 

In 1831 he set sail with a South American expedition and at once 
became a zoologist, botanist, and geologist. He made many new dis- 
coveries concerning fossil remains. His studies showed him that 
there were gradual changes in living things and he explained these 
changes by “‘ natural selection’’ and ‘‘the survival of the fittest.”’ 
After twenty-seven years of study to prove his theory, in 1859 he pub- 
lished his book entitled ‘‘The Origin of Species,’’ now regarded as 
one of the greatest books of the nineteenth century. Darwin did not 
try to explain the problem of creation, but he did try to explain the 
method of work of the Creator. 
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Brooklyn Botanic Garden and Geo. M. Reed. 
FicuRE 343. — VARIATIONS IN SORGHUM. 
The two plants at the extreme left are 

the parents, All the rest are the children. 


All these forms are alike; all are different. 
Explain this. 





many of them, though 
in many cases like forms 
were separated by a con- 
tinent. He also saw that 
men could breed different 
kinds of pigeons. The 
question came to him: 
How do wild animals 
change? What  influ- 
ences act upon them? 
What laws control their 
development? He asked 
himself a long list of such 
questions. He pondered 
upon these problems for 
twenty-seven years and 
finally attempted to ex- 
plain them in his won- 
derful book “ Origin of 
Species.” He tried to 
show that Nature se- 
lected those species which 
were best fitted to live, 
and slowly but surely 


killed off those not well adapted to living. This theory he 
called Natural Selection; it is based on five factors. He 


saw that: 


(1) There is an overproduction in 
nature. Of the millions of seeds pro- 
duced by plants, only a few ever 
grow into plants. The codfish lays 
20,000,000 eggs yearly, yet codfish 
do not greatly increase. 

(2) There is a severe competition 
for food among living things. 

(8) No two living things are exactly 
alike. 


SESE 


FicurE 344. — VARIATIONS IN 
BEETLES. 


Note how the markings vary 
here. Yet all had the same 
parents. 
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(4) Differences among living things seem to help them to fit into 
their environment. ; 

(5) Those that survive because they fit their environment carry 
on these valuable qualities to their offspring through heredity. 


586. How the Five Factors Work. — In the early days of 
this country wolves were so thick that the struggle for food 
became acute and many never grew up into matured wolves. 
But enough survived to run in packs and become a constant 





Ficure 345.— DEER AND WoLves: How THE Five Factors WorK. 


1. A large number of wolves means many mouths to feed. 2. A struggle 
among the wolves in catching the deer follows. The best deer get away, 
the weakest perish; the fleetest wolves catch the deer, the slower wolves 
starve. 3. Variation among the wolves and deer made some strong and 
some weak. 4. The stronger seem best fitted to survive. 5. Those that 
survive produce their own kind and the race grows stronger. 


menace to other animals including man. Suppose that a 
pack of wolves begins to follow a herd of deer. Now study 
Figure 345 and explain how the five factors work. 

587. Mutants. —In 1885 Professor Hugo de Vries (dé 
vrés’), a Dutch botanist, found a wonderful primrose plant. 
Among its descendants were some plants with many flowers, 
and some with few flowers. Some had small flowers, others 
had large flowers. The seeds of each of these different 
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flowers when planted produced plants exactly like their 
parents. These plants bred true. Such sudden changes 
in plant structures Dr. 
de Vries called mutants 
(mi’tdnts) (Fig. 346). 
These mutants can pro- 
duce other organisms like 
themselves. As a result 


These beetles are marked variations ae, : 
from their parents. They will breed true. of this important dis- 


They are mutants. The cause of mutants covery it is permissible to 
is not fully known. Extreme conditions say that throu ch muta- 
during breeding time tend to produce them. —. 5 aur 

tions new kinds of living 
things have arisen. By mutations great changes in plant 
and animal structures are possible in a much shorter time 
than Darwin’s explana- 
tion would require. 





FicureE 346, — Mutants. 


4. How Puants AND 
AnIMALS ARE IMPROVED 


588. Practical Appli- 
cation of the Laws of 
Heredity. — In 1862 a Mr. 
Fultz of Philadelphia found 
three heads of wheat with- 
out chaff, as he was walking 
through afield. Heat once 
recognized the importance 
of his discovery, though the 
term ‘“‘mutant’’ had not at 
that time been coined. He 
planted these three grains FIGURE 347A, — CUCUMBERS. 
of wheat and produced a The father and mother are at the left. 
strain of beardless wheat The offspring is at the right. Was anything 
which is now known the gained here by the crossing? Explain. 
world over as Fultz wheat. 

This shows how mutants can be used to enrich our agriculture. 

While passing through a cotton field in South Carolina, Dr. 
Webber, a plant breeder, discovered a cotton plant with bolls hav- 
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ing extremely long cotton threads or staples. He removed the 
plant, planted its seeds, and the result was a new kind of cotton now 
ealled Columbia cotton. 

Luther Burbank when a boy in high school, while passing through 
a potato field on his way to school one day, discovered several seed 
balls on a remarkably developed potato plant. He secured these 














Brooklyn Botanic Garden and Geo. M. Reed. 


FicurRE 3478.—SorcHum Heaps. 


The parents are at the left. The offspring is at the right. Does it re- 
semble its parents? Explain. 


balls when ripe, planted the seeds, and produced the now famous 
Burbank potato, which has added millions upon millions to the 
wealth of this country. 

Soon after the Revolutionary war a farmer noticed in his flock 
of sheep one with very short front legs and a long back. The off- 
spring of this sheep showed the same traits. The result was a new 
breed of sheep called the Ancon, —a mutant. The hornless cow is 
also a mutant. 


589. Gregor Mendel and His Work. — It was discovered 
by Gregor Mendel, an Austrian monk, that heredity works 
under very definite laws. He proved this by experiments 
upon garden peas in the garden of the monastery. As a 
result of his labors he worked out some very clear prin- 
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ciples of heredity which were lost to the world from about 
1866 to 1900, but rediscovered at that time.’ 


590. The Use of Mendel’s Laws by Some Practical 
Breeders. — (1) In the winter of 1905 Dr. Charles E. Saunders put 
away,ina paper packet no larger 
than an envelope, a small hand- 

Rx w=Rw (F,) hybrid ful of wheat grains which he had 
RwxRw_ (hybrid x hybrid) grown during the previous sum- 
mer. He had obtained these 

comb para grains by crossing mid-Europe 

x<t- Red Fife with an impure wheat 
cet. called Red Calcutta, imported 

here resulting in from India into Canada some 

RR Rw Rw ww (Fp) years earlier. He produced a 

eta re rine medley of wheats, nearly 500 in 
all, and from this large group 
he selected one, now known as 

Figure 348.— MEnpEL’s Law. the Marquis wheat. Thirteen 

Compare this diagram with Plate VI. years after the first crop of this 
The letters R and w refer to the redand wheat—all placed in a small 
the white flowers of the plate, but they packet — the total crop reached 
may serve as symbols for any other 950,000,000 bushels. 
types of plants or animals being studied. (2) In animal breeding also 


R is capitalized to denote the dominant 
; 3 3 much progress has been made. 
trait. (F,) denotes the first generation ; ie. 
a Jersey cow, 


(F2), the second. « Jolly Lassie, 
produced in one year the 





1 Mendel found by experiments on garden pea flowers that single 
traits or characters (color of flower and seed, ete.) are carried down 
to the next generation without being mixed or lost. He called this 
fact the Law of Unit Characters. When Mendel crossed two plants 
having opposite characters, he called the offspring hybrids. Hy- 
brids contain traits of both parents, one of a pair of opposite 
traits being always hidden, however. The character which ap- 
peared Mendel called dominant. The other character he called 
recessive, This condition he called the Law of Dominance. If 
hybrids were crossed, the characters separated out again, in the 
ratio of three pure and mixed dominants to one pure recessive. 
This fact Mendel called the Law of Segregation. Finally, a pure 
dominant always produces a pure dominant and a pure recessive 
always produces a pure recessive. Why? Study Figure 348 and 
Plate VI. 


Popular Sctence Monthly. 
Luther Burbank (1849-1926) 


Luther Burbank was born with a love of living things. As a small 
child, it is said, he was accustomed to carry a potted plant about 
with him and if he dropped it, cried until provided with another. 
While a lad in high school, he discovered a mutant potato which 
-became famous as the Burbank potato and added millions to the 
wealth of the farmers of this country. 

Moving to California when a young man, he began the experimental 
work which has made his name known throughout the world. He 
possessed a remarkable skill in growing and selecting mutants and in 
crossing, selecting, and improving existing varieties of plants. He put 
to practical use the Mendelian laws of inheritance and thus produced 
many new and useful kinds of plants, flowers, and fruits. 

The thornless cactus, the plumcot, the loganberry, the Climax plum, 
the white blackberry, and the Shasta daisy are some of his wonderful 
contributions to our food and ornamental plants. This man did as 
much, if not more, than any other in using the forces and laws of 
nature to improve plants useful to man. He was rightly called the 
“‘wizard’’ of the plant kingdom. 
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astonishing amount of 1,141.28 pounds of butter fat. Another 
Jersey, ‘‘ Madeline,”’ produced 20,624 pounds of milk. These cows 
were the result of selection and proper crossing. 


691. The Work of Luther Burbank. — The work of this 
great practical breeder deserves special mention. The 
writer visited Mr. Burbank’s experimental farm at Santa 
Rosa, California, in 1915 and there saw some of these 
things for himself: gladi- 
olus flowers growing all 
about the stem, though 
usually they grow along 
only one side; verbenas 
with the odor of violets ; 
walnut trees that grew 
seven feet in one year, 
though their usual rate 
of growth is but a frac- 
tion of an inch a year; 
white blackberries; and 
enormous daisies. These 
are just a few of Bur- 
bank’s wonderful crea- 
tions. 

Mr. Burbank devel- 
oped corn that towered 
18 feet into the air and 
produced 32 ears of corn 
upon each stalk. This 





Luther Burbank. 
FicuRE 3494. — THE ORIGIN OF CORN. 


Luther Burbank bred this corn back to Wes done by the prac- 
its ancestor (left), a grass called teosinte. tical application of the 
Man has produced through breeding the Mendelian Laws. 


ear at the right. Poppy seeds were 


planted by thousands and a very few pleasing varieties 
produced by the tremendous struggle for existence were se- 
lected. Then these were crossed and a further selection made. 
This process went on for several years until he grew poppies 
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with flowers ten inches across. He produced a blue poppy ; 
a new fruit called a plumeot,—a cross between an 


apricot and a plum; an 
immense daisy called the 
Shasta daisy, six inches 
across, by crossing the 
New England field daisy 
with the Japanese daisy ; 
a flower which is ever- 
lasting and now used in 
decorating ladies’ hats; 
and a chestnut tree which 
produces chestnuts eight- 
een months after its seed 
is placed in the ground. 
The cactus of Arizona 
has been rid of its thorns 
by proper breeding and 
is now valuable food for 
cattle. Mr. Burbank’s 
methods are well summed 
up in this statement :? 
Abundant, well-balanced 
nourishment and thorough 
culture of plants and ani- 
mals will always produce 
good results in holding any 


variety up to its best possi- 
bilities. But only by the 








Luther Burbank. 
FicurRE 3498. — Corn IMPROVEMENT. 


Luther Burbank made a better Yellow 
Bantam corn. How? What was gained 
here ? 


constant selection of the best can any race ever be improved. With 
these two lines of action combined, all the best qualities of any type 
are brought forth and fixed —and the field for improvement is 


limitless. 





1 This statement was sent by Mr. Burbank for use in this book. 
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What you recéived 
from your 


Father and Mother 
our 


oe 
fa 


Grandfather Grandmother Grandfather 


Tae 


? ? 


e ° 





FicguRE 390.— Wuat You Do, Have, AND ARE. 


Which side of the triangle do you think has the greatest influence on your 
life? How much of your hereditary qualities did you receive from each 
great-grandparent ? 
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5. How Herepiry Works 1In Man 


592. How Man Has Progressed.— The story of how 
man has gradually developed from a savage to a civilized 
man is along one. He no doubt progressed through the in- 
fluence of three factors. (1) Heredity, which gave him at 
birth some capacity to do things. Some men have more 
natural capacity than others. All can be trained. (2) En- 
vironment, which helped him to learn things. Man could 





Five generations are here shown. Follow the resemblances from the baby to 
its great-great-grandfather. Why does not the baby more closely resemble the 
oldest man? Why does it resemble him at all? Explain the picture fully. 


not help learning by coming into constant contact with the 
things about him. (3) Education, which is a method of train- 
ing the mind, helped him to think clearly, draw correct con- 
clusions, and judge wisely. 

593. Mendel’s Laws and Human Heredity. — Such fami- 
lies as the Nam, Kallikak, and Jukes, the Hill Folk, and the 
Ishmaelites, in which immoral, feeble-minded, pauper, va- 
grant, and drunken traits appeared with regularity through 
several generations, give ample proof of the working of 
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Mendel’s law. In the Kallikak family it was found that out 
of 480 descendants traced, 143 were feeble-minded. All re- 
ceived this feeble-mindedness from their mother. 


6. How Man Can Improve HIMSELF 
594. Eugenics. — But there is another side of the pic- 
ture which we must not overlook. There are 35 normal- 
minded persons to every feeble-minded person in the country. 





Frederiok™ 





Elizabeth 





® Normal Woman 
[N] Normal Man 
@® Feebleminded Woman 
Feebleminded Man 
FicurE 352s. — THE KALLIKAK FAMILY. 
Trace the ancestors on both sides through both mothers. Explain the 
differences. How many defective people do you find ? 
The future well-being of the nation depends upon these 
normal-minded people. To encourage the recognition of 
this fact the science of eugenics has developed, which is the 
science of improving the human race by better heredity 
through a wiser and better selection of fathers and mothers. 
Chromosomes tell the story. ‘‘ Blood will tell.” 
595. The Jonathan Edwards Family. — A study of the 
chart and questions will give the details of the development 
of this wonderful family. The important thing to observe 


Euthenies 699 


is that among the members of this family, numbering 1394, | 
there have been: 


13 college presidents 3 United States senators 
100 lawyers and ministers 30 judges 
75 army officers 295 college graduates not included 
60 authors in the foregoing 
60 physicians 16 railroad presidents 
1 Vice-President of the United Several governors 
States Not one pauper 


Not one convicted of a crime 


Royal Family 








Mary Talcott 


Elizabeth Tuttle (Ordinary) 


(Exceptional) 





CO Man 


O Woman 
Figure 3528.— THE JoNATHAN Epwarps FamILy. 


The left-hand line produced all the exceptional people listed above. The 
right-hand line produced no noted persons. Explain this. 


596. Euthenics. — Improvement of heredity is closely 
linked with improvement of environment. Individuals from 
a good environment stand a better chance of transmitting 
good traits to a succeeding generation than do individuals 
from a poor environment. The science of improvement of 
environment is called euthenics. 

The effect of alcohol as a factor of environment is revealed 
in the following table: 





No. Diep IN 
ipsetner nal SES Derective| Norman 
Drinking families Pee 57 12 36 9 


Abstaining families . . . 61 5 Ps 6 50 
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- Removing alcohol from the environment of people who live 
where they are encouraged to drink is a means of bettering 
the race. A progressive community will provide the right 
kind of environmental factors for its citizens. Each family 
is responsible to the next generation for its health and it can 
best fulfill its duty by being clean inside and out. 





FicuRE 353. — A Poor ENVIRONMENT. 


Think of this spot as a playground for babies and children! What are 
the dangers of such yards ? 


597. Three Steps in Race Improvement. — (1) The first 
step in race improvement is cleanliness. 

(2) A second step is to insure proper hours for labor. 
Bodies run down by overwork are fit subjects for disease. 
Diseased parents cannot give their best qualities to their 
children. The remedy for this is shorter hours of work with 
opportunity for more rest, leisure, and recreation. Read 
the following article : 


The recent report of the Federal Children’s Bureau shows some 
very clear results of a study of the causes of death of 23,000 babies 
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in eight cities. Among the Jews there is a death rate of 53 in every 
1000 as against 200 out of every 1000 among the Portuguese. The 
Portuguese mothers work at hard labor in the factories far more than 
do the Jewish mothers. The death rate among those babies whose 
mothers worked away from home was 176 in every 1000, while it 
was 98 among those babies 
whose mothers simply did 
their own housework. 


This story shows how 
long hours of labor for 
mothers affect the next 
generation. Improve- 
ment of the race demands 
less work of a hard nature 
for mothers. 

Again, hundreds of chil- 
dren have been working 
and in some cases now 
work in canning factories 
14 hours a day, while 
young boys act as helpers 
in glass factories, coal 
mines, and silk and cot- | 
ton mills. They do not == p ecareenevaal 
get enough rest, their Ficure 354.—A Goop ENVIRONMENT. 
growth is retarded, and Every baby, every boy, and every girl 


they never fully develop, have a right to grow upin such an environ- 
: ment. Why do they not enjoy that right ? 
mentally ng physically. Do what you can to secure for yourself 


(3) A third step is sucha place in which to live. 

proper environment for 

babies. In the United States to-day nearly 300,000 babies 
die every year before they are one year old. What is the 
cause of this? Poor environment, ignorance on the part of 
the mother, and poor care. Children are blessed or cursed 
by their environment. In 1892, 1000 babies under the age of 
five years died in a certain city. People at that time used 
milk from any and all sources. In 1904 but 500 died, though 


WNveney 


a 


\ 


ra 
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the population had increased by 30,000. The milk supply 
had changed. Clean milk was demanded by the Board of 
Health. The babies thrived and fewer died. This was due 
to betterment of the environment. 

598. Race Improvement and the Work of the World. — 
The work of the world will always depend upon strong, sturdy 
people. But the fewer the sick and helpless, the less burden 
for the well. We should bend every effort toward the rear- 
ing and education of a race that can enjoy the best that life 
has to offer. This, after all, is the real world’s work. 


The astronomer looks up and out; the biologist looks down and in. One 
uses the telescope; the other uses the microscope. Both see the same thing 
and that is law.— Wood. 


SUMMARY 


The invention and improvement of the microscepe made possible 
the discovery that all living things are composed of cells. Cells are 
composed of protoplasm, nucleus, and chromosomes. These latter 
bodies are now known to carry the qualities of the parents to the 
offspring. 

Some animals are produced by the splitting of the parent. This 
is the asexual method. Higher plants and animals produce sperms 
and eggs which fuse into one cell which grows into a new individual. 

* Flowers are visited by insects because of nectar and pollen stored 
in them. This pollen is carried from flower to flower and results 
first in pollination and then in fertilization. The final product is a 
seed. This seed will contain the qualities of both parents. 

From the embryo in the seed the young plant germinates and soon 
becomes an adult capable of producing others like itself. 

Charles Darwin observed that plants and animals vary much 
in appearance. He concluded that these variations were valuable to 
them. He noticed that living things with certain variations lived 
while others died and that many living things seems to have de- 
veloped from less complex forms. This development, he suggested, 
was brought about by five factors working at all times. Hugo 
de Vries, on the other hand, claims that new forms of life come 
about by sudden changes or mutations. 

Fultz wheat, Columbia cotton, Ancon sheep, ete., are all mutants. 
Marquis wheat and many other cereals have been produced through 
the use of Mendel’s Laws of Unit Characters, of Dominance, and of 


Thought Questions 703 


Segregation. Luther Burbank used these laws to produce hundreds 
of new plants. 

Man himself has progressed through heredity and environment. 
Heredity in man works according to the Mendelian laws. This 
sometimes results in noted good and bad families. The importance 
of belonging to a good family is clearly seen. 

The improvement of the human race is the science of eugenics. 
Euthenics is the improvement of the environment of man. Good 
environment strengthens the germ cells. Proper environment for 
mothers and children and proper working conditions for fathers will 
insure a better coming generation. 


Remember that: 


1. We now know that life can come only from life. 

2. Heredity carries down the characteristics of parents to off- 
spring. Variations in living things are caused by the union of the 
eggs and sperms of parents which are not exactly alike. 

3. Heredity and variations can account for all the different kinds 
of animals and plants on the earth to-day through the process of 
gradual change. 

4. The food of the world will depend in the future upon improved 
methods of producing better and more animals and plants. 

5. Man has progressed from savagery to civilization by using 
the factors of his environment. 

6. Heredity, training, and environment have been and are the 
most important factors in the progress of man. 

7. Good and bad traits can be carried down from parents to 
offspring by heredity. 

8. The improvement of the environment of everybody will be 
one of the greatest factors in the physical, mental, and moral im- 
provement of the human race. 


THOUGHT QUESTIONS 


1. Suppose that one yeast plant can reproduce every half hour 
for 12 hours. How many offspring will there be then? Can you 
tell why this would probably not happen? 

2. How can reproduction take place among plants without the 
use of seed? How is this of value to the farmer? to the seedsman? 

3. Some city people think that it is easy to make a fortune by 
moving to the country and raising chickens. Are they right? 

4. A pair of quail devoured over 1500 rose beetles in a single 
day. What has this to do with the struggle for existence? 
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5. A cod fish lays millions of eggs each year. Is there any value 
in overproduction? 

6. Why is it not possible for birds to produce many young? 

7. What is the great advantage of a mutant from the standpoint 
of man? 

8. How can Mendel’s laws be of value to the farmer? to the 
gardener? 

9. Secure several ears of corn of different kinds. Why do they 
differ so much? Explain. 

10. There are over 1,500,000,000 human beings in the world, 
yet no two are just alike. Explain why this is so. 

11. Why is artificial selection much easier among plants than 
among animals? 

12. Consumption is not hereditary. Explain, then, why chil- 
dren of consumptives are more likely to have this disease than 
other people. 

13. Some one has said that a child should be trained before he is 
born. What is the meaning of this statement? 
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APPENDIX 


SPECIAL PROBLEMS r 


These special problems are designed to supplement and complete 
the work assigned you by your teacher from the various chapters of 
the text. To do as many of these extra problems as possible will be 
an excellent test of your growth as a young scientist. 


Chapter I 


1. Make a study of the way a duck, a horse, a giraffe, a lion, a 
seal, and a maple tree are fitted to their environments. Report. 

2. Have one of your classmates place ten objects on a desk be- 
fore the class. In thirty seconds see how many of these things 
you can observe andremember. Have the objects covered and then 
name as Many as you can. 

3. Have some of the ten above-mentioned objects removed and 
the others rearranged. Try the same experiment as before. 

4. As you pass a store window observe as many things as you can 
in one minute and then write them from memory. Later in the day 
try again at the same window allowing the same time. Have you 
increased your list? Explain how this happened. 


Chapter II 


1. Study the way in which Thomas Edison or Luther Burbank 
made some one of his great discoveries and report. 

2: Study the history of a great invention used in your home and 
report upon it (Welsbach burner, sewing machine, or the like). 

3. Let some member of the class make a collection of pictures 
showing various steps in the improvement of the automobile from 
the earliest to the latest models and put them on display before the 
class. Then let each pupil write a story telling about the improve- 
ments in each step. Explain why this year’s model of any car 
could not have been made in 1900. 

Make a similar collection of pictures of the airplane. Follow the 
plan outlined above. Do airplanes differ among themselves more 
than automobiles? Explain. 
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4. Outline for yourself an original problem to be worked out in 
your own home. Collect materials for this problem, confer with 
your teacher about it, work it out, taking careful notes as you proceed, 
and make a final report to your class. 


Chapter II 


1. Examine a meat chopper. Discover all the simple machines in it 
and make a report upon them. 

2. Examine a washing machine, a cream separator, or a bicycle. 
Discover all the simple machines which make up each and report 
upon them. 

' 3. Study a derrick or a steam shovel and identify all the simple 
machines of which it is composed. Make a report on your 
findings. 

4. Make a study of an automobile and determine where the most 
friction occurs in its operation. How is this friction reduced? 
Report. 

5. Make a study of an egg beater to determine the simple ma- 
chines which compose it. 

6. Use a set of scales or steelyards. Check up on the weights of 
food bought at the grocery and at the butcher shop. Verify the 
law of machines on this machine. 

7. Ifa boy weighing 100 pounds sits three feet from the fulerum 
of a seesaw, how far from the fulerum must a stone weighing 75 
pounds be placed so that the boy ean easily seesaw? 

- 8. A man who ean use a force of 150 pounds wants to raise a 
300-pound barrel of sugar into a wagon three feet from the ground. 
How long must the board be up which he is to roll the barrel ? 


Chapter IV 


1. Study the action of a barograph for three days and report 
upon your observations. 

2. Determine how an automatic ink well works. Report on this. 

3. Determine how a self-filling fountain pen works. Explain. 

4. Report on the lives and works of Galileo and Torricelli. 

5. Secure from a vacuum cleaner manufacturer a descriptive 
catalog, study it, and explain to the class the way this make of ma- 
chine is built and the principle upon which it works. 

6. Study and report upon the construction and work of an insect 
sprayer. 


7. With suggestions from your teacher make a model caisson and 
show how it works. 
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Chapter V 


1. Learn how best to improve the ventilation of your sleeping room. 

2. Make a study of ventilating devices and construct one for use 
in your home. 

3. Study and report on the construction, principle, and work of 
the ventilating system of some public building (school). 

4. Make a report upon the various methods used to remove dust 
from the presence of workers in mills and factories. - 

5. Make a study of the Health Code of some city to find out what 
ordinanees are in effect which bear upon the use of air by persons. 

6. Determine the effect of pure and impure air upon the ability 
to do good mental work. 


Chapter VI 


1. Clean the waste-pipes of your sink or laundry tubs, using lye 
or ammonia and hot water. Report on your results. 

2. Clean a waste-pipe or the refrigerator trap in your home. 

3. Report on how pure water is secured in New York City or 
in Los Angeles, California. 

4. Report on a model water-supply system forafarmhouse. Send 
to your State Department of Agriculture for material on this subject. 

5. Report on the values of different methods of cooking foods. 


Chapter VII 


1. Construct a model community water supply system showing 
fountains, house supply, fire supply, etc. and demonstrate it. 

2. Determine where the drinking water supply of your city comes 
from and how it gets into the city water reservoir. 

3. Determine how your city purifies its water supply. 

4. Determine the water pressure upon a square inch of surface 
at the bottom of a tank containing one cubic foot of water. Upon 10 
cubic feet of water. 

5. Determine the conditions which led to the building of the 
Roosevelt or some other storage dam. 

6. Make a report on the methods used to reclaim waste lands. 

7. Secure pictures and drawings of the principal water storage 
dams in the country and try to explain the construction of each. 


Chapter VIII 


1. A study of a steam-heating system. 
Suggestions: Compare a typical steam-heating plant with a hot- 
air furnace. Note how they are different and how alike. 
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Determine where the water comes from and where it goes in the 
furnace; where it is heated; where the steam is formed; where the 
steam goes; what becomes of it in the rooms; and how and in what 
form it gets back to the steam boiler again. Find out how the 
steam heats the rooms. 

Study figures in catalogs and compare with your own plant. 

Take care of your steam plant for a week with the idea of under- 
standing its principle, keeping an even heat, and saving fuel. Report 
in full to your class. 

A study of a hot-water heating plant. 

Study and report upon an electric range or furnace. 
Report upon the coal industry in the United States. 
Report upon a visit to the gas works in your town. 
Report on the coke industry. 

Report upon the refining of crude oils. 

Report on the manufacture of charcoal. 

Report upon the oil industry. 
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Chapter IX 


1. Make a study of light distribution in your home with an idea 
of improving it. 

Suggestions: Using a 40-watt bulb, a Welsbach burner, or a good 
kerosene lamp, try the following tests for reading : 

a. Leave the light exposed at about one foot above the table. 
Place a book in front of you on the table about 18 inches from your 
eyes and from the light. Note the effect of the light upon your eyes. 
‘Note also its effect upon the print of the book. 

b. Place a dark green shade upon the light. Make the same tests 
as before and record the results. 

c. Invert the shade so that the light is thrown upon the ceiling. 
Make the same tests again and record the results. 

d. Now use a translucent cream-colored shade in both positions. 
Test as before and record results. 

e. Test again in the same way with white, brown, blue, and pink 
shades. Record results. What do you consider the best kind of 
light distribution? Give reasons for your answer. 

f. Make the same tests with the same shades for the general 
lighting of your room. What is the best method of light distribu- 
tion for this purpose? Give your reasons. Is it possible to get a 
light distribution which can be used both for reading and lighting? 
Explain. 

2. Study the proper methods of light installation and light dis. 
tribution in a new house. 
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3. Report on the kinds and uses of fuses. 
4. Report on glass manufacture. 


Chapter X 


1. Trace the wiring of the bell system in your home. Note how 
the circuit is kept open and the reasonsforit. Note how it is closed 
and the result. 

2. Learn how to repair your electric doorbells. 

3. Learn how to clean and renew the parts of a’wet cell. 

4. Draw a plan of electric bell wiring circuit in your home. 
Bring the drawing to class and demonstrate it. 

5. Set up a St. Louis motor,! and work it. Describe just how 
the motor runs. 

6. Work out an original problem in which you show how elec- 
tricity can cause motion. 

7. Take a simple motor apart and reassemble it. Determine 
the exact use of each part and how you put it in place. 

8. Make a magnet by heating a steel knitting needle and plunging 
it when red hot into cold water. Next, stroke it with a permanent 
magnet and mount it in a small box and use it as a compass. 


Chapter XI 


1. Make a list of all the sources of energy and the forms of 
energy used in the manufacturing plants in your city after following 
the directions below : 

(a) Visit three industrial plants (no matter how small) in your 
city and determine the principal form of energy used in each. 

(b) Determine in each case the source of the energy used. 

(c) Determine if each form of energy used can be traced to a 
common source. Explain this fully. 

(d) Determine which form of energy used is the most economical. 

(e) Determine which form of energy used is most efficient. 

(f) Discover if air is used in any of the plants visited either in 
compressed form or at atmospheric pressure. Note how this air 
is used and why it is used. 

(g) Observe, in the plants you visit, just how the energy used is 
applied to the machinery and how it is transferred and transformed. 

(h) Note the obstacles which interfere with the easy working of 
the machinery in these factories. Suggest changes for getting rid 
of them. 


1 This is a simple type of motor which can be purchased from any 
general laboratory supply house. It can be easily taken apart and 
reassembled. 
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(i) Note the simple machines and observe how they are used. 

(j) Become acquainted with the compound machines used and 
determine all the simple machines in each of the several compound 
machines you observe. 

(k) Find out how much work one of the compound machines does 
as compared to what could be done by hand. 

(1) Determine in general how the factory you visit and its prod- 
uct is connected with other factories and products. 


Chapter XII A 


1. Study a model of a steam locomotive. Locate the drive 
wheels, the connecting rods, the steam chest, the cylinders, the 
pistons, the wheel flanges, the point of connection of the connecting 
rods and the drive wheels, and the inlet and exhaust valves. Deter- 
_ mine the use of each. 

Now keeping your model in mind, study a typical locomotive 
wherever opportunity affords you the chance and try to find out how 
each part works. 

2. Procure a catalog of a four-cylinder automobile. Study the 
diagrams of the engine construction, making note of the following 
parts: Cylinders, pistons, connecting rods, shaft, intake and ex- 
haust valves, spark plugs, and valve lifters. Determine how the 
valve lifters are moved. Next study an automobile itself, locating 
as far as possible all the above parts. Determine the location of the 
cooling system, the oiling system,the ignition system, and exhaust 
apparatus. Find out how each works. What prevents the engine 
becoming set on ‘‘dead center’? Locate the timing device and 
determine its use. 

3. Make a study of several railroad bridges. Note the materials 
used in each and the size of the structures used. Which type do 
you think best and why? 


Chapter XII B 


1. Make a toy sailboat, rig it, and sail it. Write up your experi- 
ences while making the boat, telling of your difficulties and the way 
you overcame them. Explain the principle of the sailboat. Ex- 
plain its buoyancy and tell why it floats. 

2. Report your experiences to the class in learning the processes 
necessary to row a boat (backing, turning, handling of oars so as to 
get most power, rowing in rough water, ete.). 

3. Explain to the class the principle of sailing, including a 
discussion of tacking, steering, the use of the centerboard, and 
the difficulties to be overcome in becoming a good sailor. 
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4. Discuss the handling of a motor boat. Explain to the class 
the principle of the engine, its care, starting, stopping, and control of 
its speed. Explain the purpose and advantages of the lines of the 
boat. Tell the class the difficulties to be overcome in running a 
motor boat. 


Chapter XII C 


1. Make a fire balloon and cause it to rise. 

2. Secure some light tough paper (colored, if possible) and some 
very slender bamboo sticks. Make the frame of a box kite. Cover 
with the paper by use of tough glue. Study carefully the proper 
place to attach the guide string. Careful experiment is the only way 
to solve this problem. Fly the kite. Study the way it behaves 
and try to solve the principle of its flight. Report your conclusions 
to the class. 

3. Secure a copy of Collin’s ‘‘The Boys’ Book of Model Aéro- 
planes,’ published by Century Co., and after selecting the simplest 
model in the book try to collect the proper materials and construct 
a model plane according to the directions. Try out your plane. 
Report to your class the difficulties you met and had to overcome 
in building your plane. Demonstrate your plane and explain its 
principle. 

Chapter XIII 

1. Secure a few smooth boards and fasten together with cleats, 

as shown in the diagram. Paint an outline of a house as seen from 
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the side with front and rear doors. Secure at least two electric bells 
with wiring enough to connect them up in several circuits and 
either purchase a battery of dry cells or use the sal ammoniac wet 
cell you may have on hand. 

The above is a two-family house as seen from the side. Three 
bells are indicated. The connection between the front doorbell 
button, the kitchen bell, and the battery in the cellar are shown. 
Fasten the bell and button in place on your board and connect the 
wires correctly. Try the bell. Explain how and why the bell 
rings. Now fasten the other two bells in place and work out the 
following problems of wiring. 

a. One bell with two push buttons, one at the front and one at 
the back door. 

b. One bell and one push button at the back door. 

c. Two bells and two push buttons, each button to ring one bell. 

d. Three bells and three push buttons, each button to ring one bell. 
Remember that there is to be one complete circuit in every problem. 
Where more than one bell is in the circuit it is suggested that two 
dry cells be used. 

2. Collect the proper materials and set up a wireless plant. 
Learn the international or the continental code. Report on the 
way you set up the apparatus, the difficulties you met and over- 
came, and emphasize the principle of the wireless. 

3. Collect the materials for a crystal radio set. Set it up under 
the direction of some wireless expert or from a book of instructions 
for simple sets. Report to the class upon the way you succeeded in 
Overcoming your difficulties. 


Chapter XIV 


1. Show by good arguments how the 20th Century Limited is 
propelled by the sun. 

2. Secure a full account of the solar eclipse of January 24, 1925, 
and give a report on the chief features of this event. 

3. Look up at least three stories of the constellations and report 
on the relations of these groups of stars to the gods of mythology. 

4. Make clay or putty models of the sun, earth, and moon in 
proper proportions and distances from each other. Show how 
these bodies act in relation to one another. 

5. Make a study of the moon for one month, charting its appear- 
ance every other evening. Note the time of its rising every night 
and be able to account for its rising schedule. 


Special Problems 9 


Chapter XV 


1. Study the book of the local weather bureau. 

2. Test some of the common weather predictors. Examples: 
the leech, frog, and spider as barometers; a halo around the moon; 
and falling smoke. Add others. 

3. Make a record of the daily air pressures covering one full 
week and plot a graph to show these pressures. Extend this record 
to two weeks; toa month. Note the weather each day. 

4. Compare this barometric record with your weather record 
and note if they seem to be related. Explain this relationship if it 
exists. 

5. Make a hygrometer and use it to determine the relative 
humidity. 

6. Make a daily humidity record for a week. Plot a graph to 
show this record. Extend this record for two weeks; for a month. 

7. Compare temperature, barometer, and humidity graphs cover- 
ing the same period and look for any relationships. 

8. Make a rain gauge and use it to determine the extent of rain- 
fall during three successive storms. 


Chapter XVI 


1. Draw a plan of a cold frame and list the materials needed to 
complete the work. 

a. Select location for the cold frame and follow plans for making 
it as outlined in Farmer’s Bulletin, No. 255, U. S. Dept. of Agricul- 
ture, Washington, D. C. 

b. Grow in this frame some lettuce, cabbage, and tomato plants, 
raising them from the seed. 

c. Report on the progress of the work. Explain the principles 
of the cold frame. ‘Transplant these plants to your vegetable 
garden. 

2. Plant, care for, and harvest the vegetables of your home 
garden. 

3. Learn to know various kinds of insects which may come to 


your garden. 
4. Learn how to control the insect pests of the garden. 


. Chapter XVII 


1. Select a farm, plot it, determining what crops you would plant 
and where you would plant them. Explain your decisions. 

2. Determine the effects of heat, light, air, and moisture upon 
the growth and development of a selected kind of green plant (corn). 
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3. Make a detailed study of the life histories of three typical 
farm crops (corn, wheat, potatoes). 

4. Make a detailed study of the life histories of three typical weeds 
on the farm (mustard, yarrow, Canada hawkweed, ete.). Determine 
the best method of controlling them. Try out your method. 

5. Study the life history and the best methods of exterminating 
three typical insect pests on the farm (squash bug, corn borer, cod- 
ling moth, etc.). 

6. Learn by experimenting the best methods of grafting one 
kind of tree to another. Determine the advantages of grafting. 

7. Learn how to transplant a tree or vine and take care of it, 
reporting to the class on the details of your work. 

8. Form a corn or agricultural club for the purpose of studying 
and putting into practice new methods of producing better crops 
on a given area of land. 

9. Secure from the state agricultural department booklets on 
the care of fruit trees and practice the methods upon some selected 
trees, noting the results and reporting them to the class. 

10. Write an article on the life history and achievements of 
Luther Burbank. 


Chapter XVIII 


1. Determine the nutrients in some of the common foods used 
in your home. 

2. Make a list of the foods used in your home for one day, deter- 
mine as nearly as you can the amount of each used, and the cost 
of each at the prevailing prices. Get the total for the day. For 
example, if a brother from two to six years of age needs 1200 while 
you need 2400 calories, then the amount for him would be one-half 
yours and the cost in proportion. 

Determine whether your food is costing you too much. Get the 
averages of any ten members of the class and find out what the 
average excess in cost is for these ten families per day ; per week and 
for the year. Discuss these results with your father and mother 
and see what they think about it. Try to correct the condition, if 
possible. 

Chapter XIX 


1. Carefully study the parts of the alimentary canal in a mounted 
dissected toad or frog. Copy and label all the parts in your Science 
Discovery Book. 

2. Study the human alimentary tract or canal in a manikin or 
chart. Copy and label all parts. Compare with a frog tract and 
identify similar parts by use of common labels. 
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3. Note the teeth of a dog, eat, horse, cow, rabbit, guinea pig, or 
other animal. Do they differ among themselves? Do the teeth 
in each animal differ from the others? Observe the food each kind 
of animal eats and see if you ean find a reason for the difference in 
dentition (arrangement of the teeth). 

4. Study human dentition either by observing a human skull or 
your own teeth. Note the number of kinds of teeth you find, the 
total number of teeth, and the total number of each kind. Now 
see if you can find in your own mouth examples of every kind of 
tooth found in a dog, rabbit, and horse. Does this give you any 
light on the kinds of food the human engine needs? Explain. 


Chapter XX 


1. Make a study of your own actions and determine how many 
of them are reflex during one day. Indicate the special value of 
each action to your body. 

2. Make a study of the habits you use each day. List them. 
Determine in a general way how much time these habits save you 
in the course of one day. What would happen if you could form 
no habits? 

3. Decide to form some habit which you know will be beneficial 
to you. Note how you start, how you progress, and how long it 
takes you to get good results. 

4. Make a study of the formation of habits in a baby brother or 
sister and report to the class. 

5. Study habit formation in a pet kitten or dog. Tell how you 
have taught a trick to a pet and the results you obtained. 


Chapter XXI 


1. Visit a milk station and observe the methods of handling 
milk. Criticize these methods. Make clear the proper methods 
in use. 

2. Visit and report on the methods of handling bread and other 
foods in a bakery; in a restaurant, or hotel. 

3. Make a test of the bacterial content of some raw and some 
pasteurized milk. 

4. Make a study and report upon the work in fermentation of 
Louis Pasteur. 

5. Observe in your home the effects of yeast on sugar and bread 
dough. 

6. Make a study of the tubercles of clover plants and report on 
the work of bacteria in connection with these plants. 
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7. Compare the keeping qualities of pasteurized and unpas- 
teurized milk. 

8. Determine in your home the effects of disinfectants upon the 
growth of bacteria. 

9. Visit and report on a canning factory, noting the methods 
used in preparing, sterilizing, and sealing the foods in cans. 


Chapter XXII 


1. Determine how vaccines and antitoxins were discovered and 
how they are prepared and used. 

2. Learn how to disinfect a room properly. 

3. Learn how to dress a small wound properly. 

4. Make a study of the life history of three disease-carrying 
insects and how they may best be controlled or exterminated. 

5. Make a study of the best methods of exterminating crawling 
insects in the home. 

6. Determine the best methods of exterminating rats and mice 

7. Collect several samples of cloth, determine their composition 
by proper tests, and ascertain their value as clothing. 

8. Study the best methods of controlling clothes moths. 

9. List the diseases which your department of health requires to 
be quarantined. 

10. Learn the methods of your town or city in controlling the 

purity of the foods sold in its markets. Report to the class on what 
you find. 


Chapter XXII 


1. Make a survey of the fly or mosquito menace in your com- 
munity. (a) Formulate your problem. (b) Outline details of how 
you will go to work to solve your problem. (c) Make note of your 
experiences in studying the details of the problem. (d) Make sug- 
gestions for improvement of conditions. (e) Make suggestions as to 
proper methods of beginning a campaign for eliminating the mos- 
quito menace. (f) Report your work to the class. 

2. Study and report on the health ordinances of your community, 
giving the reason for each law. 

3. Visit and report on the methods used in a city filtration 
plant. 

4. Determine how borax acts upon the larval stage of the house 
fiy. Account for these effects. 

5. Make a survey of your community to determine possible 
sources of epidemics. 
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Chapter XXIV 


1. Collect some frog’s eggs and placing them in the right con- 
ditions for development, watch their progress, making drawings of 
them from time to time and reporting on them. Finally write out a 
complete life history of the frog. 

2. Make a study of the methods of reproduction in insects, birds, 
frogs, fishes, mammals, and flowering plants and report to the class 
a comparison of all methods studied. » 

3. Select several plants which you know can be multiplied by 
cuttings and experiment with them in your garden. Write out a 
complete report of your work. 

4. What seems to be the advantage of overproduction in plants 
andanimals? Make a study of several plants growing in vacant lots 
and discover the average number of seeds produced by six plants 
of each kind. Discover, if you can, whether or not the number of 
seeds determines how many plants grow in the lot each year. 

5. Select some weed in a vacant lot and note the variations in the 
number of its petals in twenty of its flowers or in the number of its 
seeds. Whatis the average? How could this average be increased ? 
Could it be increased indefinitely? Explain. What do breeders 
try to develop in plants and animals? 

6. Make a careful study of your own environment. Compare 
it with those having a better or a worse one. Make a list of the 
things you might do to change it for the better. 

List the things that might be done to change poor environments 
in your community so that they will be regarded as good ones. 
Would this be a community work or an individual work? Explain. 
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The numbers refer to pages; those in ordinary type refer to terms in the text of 
the book; those in blackface type refer to chapter, topic, and se¢tion headings; those 
in italic type refer to terms in the pictures and picture legends; those in blackface 
italic type refer to both section headings and pictures. 


“A” battery, 413, 415, 420 
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adenoids, 139, 563 
adrenalin, 571 
Aédes mosquito, 37, 673 
aérators, 196, 197 
aérial, 413, 414, 415, 416, 420 
aérobic bacteria, 612 
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chambers, 95, 368 
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currents, 74, 237, 460 
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gun, 94 
humid, 144 
impure, 144 
line, 95 
mixer, 227 
movements, 236, 460, 461 
ocean, 73 
port, 225 
pure, 144 
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residual, 138 
sacs, 131 
sleeve, 225 
space, 495 
stagnant, 144 
temperature, 461 
airplane, 56, 384-395 
air pressure, 79, 454, 455, 458, 459, 
461, 465 
high, 460; low, 460 
airship, 386, 387 
albumen, 552 
alcohol, 551, 552, 592-595 
making, 618 
alidade, 205 
alimentary canal, 558, 561, 563 
alkaline, 165 
alternating current, 334 
ammonia, 166, 172, 173, 535, 622 
ameceba, 136, 678, 681 
amperage, 290 
Ampére, André, 338 
amperes, 302, 338 
Amundsen, Roald, 387 
anaérobic bacteria, 200, 612 
Ancon sheep, 691 
anemometer, 459 
animals, 7, 30, 64, 135, 473, 503 
Anopheles mosquito, 634, 638, 656, 
671 
ant, 21, 640 
antenna, 408 
anther, 682, 683, 684 
anti-bodies, 566 
anticyclone, 469, 470, 471 
antipodal cells, 683 
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antitoxins, 643, 656, 665, 667 
aorta, 569, Plate V. 
apoplexy, 552 
aquarium, 256, 259, 499 
aqueduct, 187 
aqueous humor, 264 
arc, 300 
Archimedes, 367 
argon, 144 
Aristotle, 440 
Arizona desert, 10 
armature, 336, 337, 353, 406 
artery, 131, 568-571, Plate V 
pulmonary, 569 
artesian well, 159 
asbestos, 226 
asphyxiation, 141 
association fibers, 590 
astigmatism, 265 
atmosphere, 74, 494 
atmospheric pressure, 70, 77, 78, 
79, 80, 83, 86, 89, 90, 91 
atoms, 289 
audio frequency, 423 
transformer, 422 
auricle 
left, 569, Plate V 
right, 569, Plate V 
authority, 22 
automatic act, 584, 591 
automobile, 6, 18, 25, 70, 348, 351, 
352, 354 
aviation, 384 
axis, inclination of earth’s, 435 
axles, 351 


“B” battery, 415, 420, 422 
bacillus, 612, 618 
Bacon, Francis, 28 
bacteria, 22, 138, 514, 608, 609, 
610, 611, 612, 616, 620, 621, 
623, 661 
aérobic, 612 
anaérobic, 200, 612 
nitrifying, 621, 622 
bakelite, 276 
balanced aquarium, 499 
balancing center, 588, 589 
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ballast, 368 
balloon, 70, 78, 384, 386 
dirigible, 386 
barometer 
aneroid, 82, 83 
mercurial, 82, 89, 455, 459 
tube, 81, 83 
barrel valve, 86 
bathing, 650 
bathroom, 177, 178 
battery 
“A,” 418, 415, 420 
“B,” 415, 420, 422 
storage, 398, 420 
beam balance, 73 
bedbugs, 640 
bed rock, 159 
bees, 682 
Behring, Dr. von, 665 
Bell, Alexander Graham, 40, 408, 
409 
bell, electric, 398 
bell jar, 96, 97 
bellows, 102, 219, 262 
belt, 323, 324 
beri-beri, 545 
Bessemer converter, 3/4 
Bessemer, Henry, 315 
bile, 562 
duct, 563 
binder, 513 
biplane, Wright, 388, 389, 391 
birds, 8, 12, 30, 35, 501 
diets, 502 
homes, 503 
blast furnace, 312, 313 
bleeding, 571, 601 
blood, 134, 568-572 
function of, 566 
plates, 566 
vessels, 134 
body 
efficiency, 576 
regulators, 545 
wastes, 572 
boiler, 238, 239, 346 
steam, 240, 348 
bomber, Barling, 391 
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Bordeaux mixture, 523 candle, 252, 257 
bottom lands, 514 light, 8 * 
Brady, Dr., 413 power, 270 
brain, 586, 587, 588, 589 cane sugar, 565 
brakes, 357 Canopus, 434 
Brazil, 10 cafion, 310 
breast bone, 8 capillary, 131, 485, 517, 558, 565, 
breathing, 31-141 568, 569, 570, Plate V 
artificial, 141 carbohydrates, 538, 539, 544 
organs, 131 carbon, 220, 222 
bridges, 359, 360 ats dioxide, 117, 118, 128, 131, 132, 
arch, 359 144, 145 
Bear Mt., 359, 360 monoxide, 145 
cantilever, 359 carbon-oxygen cycle, 500 
suspension, 360; truss, 359 Carroll, Dr., 36, 40, 673 
Bright’s disease, 552 Cartesian diver, 94 
brine, 172, 625 cartilage, 104 
British Thermal Unit (B. T. U.), | casein, 618 
221 caustic soda, 487 
bronchial tubes, 131 cavern, 159 
bronchitis, 143 cell 
brush, 335, 354 | body, 568 
bubonic plague, 637 sap, 490 
bulb structure, 132, 681 
incandescent, 274, 275, 419 wall, 681 
vacuum, 418, 419 cells, 132, 133, 134, 490 
Bundy, 416 animal, 133 
Bunsen burner, 225 epidermal, 490 
buoy, 94 muscle, 136 
buoyancy, 367 plant, 133, 136 
Burbank, Luther, 40, 691, 693, 694, | celluloid, 267 
695 cellulose, 132, 488, 522 
Burroughs, John, 29, 30, 3/ center board, 368 
Bushnell, David, 374 Centigrade thermometer, 231 
butterfly, 21 central cylinder, 491 
butyric acid, 621 centrifugal force, 324, 432 
Byrd, Commander, 393, 385 centripetal force, 432 
cerebellum, 584, 588, 589 
caisson, 94, 95 cerebrum, 584, 588, 589 
Calorie, 221, 538-547 cesspool, 175 
calorimeter, 222, 539 character, 591 
calyx, 684 charcoal, 220, 222 
cambium, 480 chassis, 352 
camel, 7 chemical 
camera, 262, 265 change, 112, 123, 431 
bellows, 260, 262 property, 121 
pinhole, 259 chimney, 236, 243 


Canal Zone, 38 chlorine gas, 196 
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chlorophyl, 494 
chloroplasts, 480, 494, 495, 497 
chromosomes, 678, 681, 682, 702 
chronometer, 375 
ciliary muscle, 265 
circuit, electric, 291, 295, 298° 
grounded, 298, 300 
parallel, 301, 302 
short, 298 
circulation, 566, 570, Plate V 
clapboard, 242 
clay, 484 
loam, 484 
Clerk-Maxwell, 416 
climate, 472, 473, 474, 475 
clothes moth, 640 
clothing, 645, 649, 650 
clouds, 463 
cirrus, 464 
cumulus, 468 
strato-cumulus, 463 
clutch, 350 
coal, 220, 221 
anthracite, 221 
bituminous, 221 
production, 222 
resources, 223 
-coccus, 612, 608 
code 
continental, 407 
Morse, 407 
codling moth, 523, 524 
coherer, 413, 414, 423 
coils, 172, 228, 331, 335, 337, 358, 
401, 408, 414 
cold storage, 629, 661 
collodion, 488 
colors, 259 
shade, 279 
wall, 279 
Columbus, 17, 374 
combustion, 121, 125, 325 
communication, 399-422, Plate III 
community, protection of health of, 
194-202, 657-661 
commutator, 335, 338, 354 
compass, 286, 366, 375 
compressibility, 319 
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condensation, 171, 240, 461, 462 
condenser, 417, 420, 422, 423 
conduction, 275 

conduits, 275, 276 

connection, 233, 238 
constellations, 433 

constipation, 548, 575 
contamination, 186 

“ cootie,” 640 

Copernicus, 440 


| copper sulphate, 487 


corn, 12, 521 
improvement of, 695 
origin of, 694 

cornea, 264 

cornet, 100, 101 

corolla, 684 

corpuscles, 131 
red, 134, 566, 568 
white, 566, 568, 642 

cortex, 491 

cotton, 10, 12, 522 
clothing, 646 
Columbia, 691 

cotyledons, 486 

cradle, 510, 511, 513 

crane, 219 

crankshaft, 348, 350 

crib, 187, 200 

crops, 11, 12, 514, 520, 521 
farm, 623 
rotation of, 516 

croton bug, 21, 640 

crystal, 417, 418, 420 

Culex mosquito, 634, 638 

current, electric, 227, 249, 290, 305, 

309, 335, 338, 340, 356 

curtains, 256 

cyclones, 469, 470, 471 

cylinder, 349, 350, 351 

cytoplasm, 589 


dam, 184, 190, 191, 329 
Ashokan, 191 
Elephant Butte, 519 
Kensico, 191 
Muscle Shoals, 327 
Olin Bridge, 191 
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damped radio waves, 423 
damper, 229 
Darwin, Charles, 686, 687 
dash, 174 
Davy, Humphrey, 331 
dawn point, 441 
day, 434 
Dead Sea, 81 
death rate, 198, 665, 674 
deep breathing, 137, 138 
De Forest, Dr., 40 
deforestation, sources of, 206 
demagnetized, 288 
demonstration, 33 
dentine, 558, 574 
desert, Sahara, 10 
detector, 417, 420, 422, 423 
dew, 461, 462 
diaphragm, 130, 408, 410, 411, 417, 
420 
iris, 262 
diarrhea, 200 
diastase, 487 
Dick test, 666 
diet 
balanced, 543 
mixed, 543 
selection of, 5642 
dietary, 542 
differential, 351 
gears, 351 
digestion, 487, 560-565 
digestive 
system, 558 
tube, 136 
diphtheria, 664 
discoveries, 5, 18 
disease, 22, 36, 623, 626, 641, 643, 
644, 656, 663, 664, 665, 666, 
668, 671 
disinfectants, 643, 665 
distillation, 194, 220 
diving flue, 225 
door bell, 400 
door check, 94 
draft, check, 235, 240 
drain pump, 90 
drive shaft, 350 
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drive wheel, 346, 351 
drouth, 473 

drowning, 601 

drugs, 552 

drum, 324, 325 

dry farming, 517 
ductile, 50 

ductless glands, 570 
ducts, 480, 491 Z 
Duke of Tuscany, 78 
dynamos, 294, 328, 333, 334, 353 
dysentery, 200 


ear, 104, 105 
drum, 98, 105 
external, 104 
structure, 105 
earth, 432 
revolution of, 442 
rotation of, 442 
eccentric, 324 
echo, 106 
eclipse, 255, 448, 449 
Edison, Thomas, 32, 40, 63, 274, 
299, 303, 579 
effluvia, 145 
effort, 55, 60, 66, 81 
arm, 60 
distance, 60, 65 
Egyptians, 345 
Eiffel tower, 467 
elasticity, 50 
electric 
arc, 300 
bulb, 274, 275, 338, 357 
cables, 378 
carbon bulb, 274 
charges, 289 
circuit, 291, 295, 296, 298 
currents, 335, 338, 355 
heater, 228 
iron, 228 
lights, 4, 6, 32, 274 
locomotive, 356 
motor, 336, 337, 363 
system, 352 
washing machine, 178 
waves, 413 
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electricity, 4, 17, 22, 46, 227, 285, 
288, 289-303 
Age of, 303 
current, 290, 294 
frictional, 289, 465 
negative, 289, 290 
positive, 289, 290 
electromagnet, 332, 337, 353, 398, 
400, 401, 402, 404, 406 
electromotive force, 336, 338 
electron, 289, 290, 415, 418, 419 
electroplate, 293, 305 
electroplating, 291, 292, 294 
Elodea, 134 
embryo, 486, 683, 684, 686 
emulsion, 166, 562 
enamel, 558, 574 
endosperm, 486, 683 
energy, 44, 52, 64, 308, 427, 429 
active (kinetic), 52 
electrical, 64, 215 
solar, 451 
stored (potential), 52 
transformation of, 208, 308,.333 
engine, 318-326, 344-351 
automobile, 348, 351 
four-cycle, 348 
gas, 325, 326, 348-351 
internal combustion, 325 
Newcomen, 320 
steam, 318, 320, 321, 322 
Watt's, 322 
enteritis, 200 
environment, 2, 3, 4, 6, 7-14, 18, 
20, 29, 30, 31, 39, 45, 46 
artificial, 13, 14 
good, 701 
natural, 9, 10, 12, 18, 74, 23, 25 
poor, 700 
Environmental Science, 63 
enzyme, 561, 566, 615 
epidemics, 13, 186, 663, 665 
epidermal 
cells, 490, 495 
tissue, 491 
epidermis, 480, 649 
epiglottis, 105, 563 
epilepsy, 604 
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equator, 428, 441, 442 
erosion, 156, 157, 513, 514 
ether waves, 254, 257 
eugenics, 698 
euthenics, 699 
evaporation, 155, 156, 458 
rate of, 461 
exercise, 129, 132 
exhaust 
port, 328, 324 
stroke, 349 


_| expansion, 319 


coil, 172 
tank, 216, 239 
experience, 22 
experiments, 5, 22, 28, 31-35, 36, 
37, 39, 40 
eye, 252, 257, 260, 265 
care of, 266 
chart, 265 
defects, 266 


factors, 2-12, 46 

immediate, 2 
factory, 308, 309 
Fahrenheit thermometer, 231 
fainting, 604 
falling bodies, 60 
Faraday, Michael, 18, 331, 333, 402 
farming, see agriculture 
farsightedness, 264, 266 
fats, 477, 497, 538, 539, 569, 591 
faucets, 161 
feathers, 10 
feet, care of, 651, 652 
Fehling’s solution, 487, 534 
ferment, 561, 631 
fermentation, 616, 620 
fertilization, 683, 684, 686 
fertilizers, 514, 515 
fibrin, 572 
fibrinogen, 566 
filament, 415, 418, 419, 420, 682, 

684 

film moisture, 490 
filter, 195 

bed, 200 
filtration beds, 184 
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fire, 12, 113, 114, 116, 118, 121, 
124, 599 
causes of, 244 
escape, 249 
extinguisher, 245 
fighters, 247 
hazards, 246 
rangers, 204 
firebox, 229, 285, 240 
fireless cooker, 242, 243 
fireplace, 219 
fish, 7, 8, 128, 500 
gold, 135, 137 
Fisher, Irving, 652 
Fisk, Dr., 579, 652 
fixation of nitrogen, 622 
flagella, 612 
flail, 510, 511 
flame 
Bunsen, 223, 224 
candle, 269 
gas, 272, 273 
flax-retting, 620 
fleas, 640 
flicker shutter, 268 
flies, 638 
house, 636, 637 
floods, 12, 157, 204, 205 
flowers, 30, 682 
flue, 219, 220, 229, 239 
flumes, 328, 329 
fly wheel, 323, 324, 325, 348 
fog, 462 
food table, 542 
tests, 534 
foods, 532, 536, 537 
adulteration of, 548, 550, 662 
100-Calorie portions of, 540 
carbohydrate, 538 
care of, 610 
cooking of, 547 
cost of, 546, 549 
digestibility of, 548 
digestion of, 561 
fatty, 539 
heat values of, 537, 538-541 
inorganic, 538 
preparation of, 547 
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protein, 539 
soluble, 565, 566 
tubercular, 669 
foot-candle, 270 
foot-pound, 53 
force, 51, 53, 54, 56, 58 
centrifugal, 432 
centripetal, 432 
lines of, 288 - 
Ford, Henry, 342, 579 
forest 
conservation, 204, 207, 208 
destruction, 12 
fires, 203, 206 
floor, 202 
protection, 204 
seedlings, 207 
fountain pen, 91 
Franklin, Benjamin, 1/7, 18, 218 
frequency, 334, 418, 419, 420, 423 
friction, 54, 55, 62 
frog, life history of, 685 
fuel elements, food, 533 
fuels, 218, 219, 220, 221, 559 
fulcrum, 57, 58, 60, 81 
Fulton, Robert, 370, 371 
Fultz wheat, 690 
fungus, 523 
furnace, hot-air, 235, 236, 237 
fuse gap, 284 
fuses, 296, 297 
cartridge, 284 
plug, 284, 296, 297 


Galileo, 79, 80, 89, 231, 433 

gall bladder, 563 

galley, 364, 366 

galvanometer, 333 

garbage, 13, 202 

garden, 483 

gas, 48, 64, 118, 221 
burner, 227 
engine, 325, 348 
flame, 272 
furnace fuel, 223 
mantle, 273, 276 
stove, 226 

gastric juice, 561 
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gears, 350, 351 heat, 4, 10, 11, 22, 46, 63, 79, 121, 
general law, 64 170, 212, 218, 214, 215-219, 
generative nucleus, 683 229, 230, 231, 233, 234 
generator, 333, 336 -eonduction, 233, 238 
germs, see bacteria conductivity, 233 
gill filaments, 136, 137 conductors, 234 
gills, 8 conservation, 241 
glacial period, 484 convection, 233, 238 
glider, 388, 390 distribution, 237, 238 
gluten, 615 latent, 240 
glycerine, 166 of vaporization, 240 
glycogen, 569 radiation, 233, 238 
Gorgas, Colonel, 38 sensible, 230 
governor, 324 heating system, 235 
grades, 358 heliograph, 398 
grape sugar, 487, 534, 561 Henry, Joseph, 332, 403, 404, 405, 
grasshoppers, 11, 21, 136 409 
grate, 229, 235, 237 heredity, 686, 692 
gravity, 55, 159 human, 696, 697 
Great Western, 370 Hertz, Dr., 413, 416, 417 
Greenland, 475 Hertzian waves, 417 
Greenwich high frequency, 334, 418, 419, 420 
meridian, 376, 442 high pressure area, 470 
time, 375, 376 high tension line, 336 
grid, 415, 418, 419, 422 Holland, John, 374 
leak, 420, 423 home problenis, 30 
ground horizon, 376 
line, 405, 413, 414, 417, 420, | hormones, 570 
e428 horseless carriage, 342, 351 
water, 159 hot-water 
growth, 487 automatic heater, 168 
guard cells, 136, 495 heater, 167, 168, 169, 238, 239 
gullet, 558, 561, 563 heater coil, 169 
heating plant, 171 
habits, 584, 591, 592, 597 system, 238, 239 
hail, 463 hot wave, 469 
hammer, 61, 105 housefly, 21, 634, 636, 637 
hard water, 165 household utensils, 57 
harvesting, 5/2, 513 house waste system, 179 
Harvey, William, 567 human body, 529, 530, 532 
haustoria, 523 care of, 576 
headache, 575 engine, 531, 559, 560 
health, 475 humidifier, 241 
rules, 580, 652 humidity, 144, 456, 457, 458, 459 
hearing, 16, 106 relative, 458 
heart, 134, 136, 558, 565, 569, 570, | humors, 264 
Plate V humus, 485, 516 


hearth, 219, 229 hybrids, 692 
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hydrogen, 119, 220, 222 
hydrophobia virus, 666 
hydroplane, 393 
hygiene, 106, 571, 573 
hygrometer, 456 
hyphe, 615 


ice, 17, 155, 172 

artificial, 171 

cream freezer, 174 

machine, 172, 173 
ignition 

point, 120 

system, 290, 353 
illumination, 252, 278, 279 
image, 261, 262, 268 
impenetrability, 50 
inclined plane, 56, 59 
induction, 404 
induction coils, 414 
industry, 307, 309, 310, 311, 318, 

330, 474, Plate III 

inertia, 54, 55, 56, 62, 359, 370, 387 
indigestion, 575 
inlet 

pipe, 86, 176 

port, 323, 324 
inoculation, 514 
inorganic matter, 47, 48 
input coil, 422 
insects, 11, 12, 20, 21, 36, 502, 503, 

671, 682 

life history of, 634 
insoluble, 164 
insulators, 275, 276, 285 
insulin, 571 
intake stroke, 349 
internal secretions, 566 
international date line, 445 
intestine 

large, 558, 575 

small, 558, 562, 563, 570 
invention, 6, 18 
invertase, 565 
iodine, 487, 534 
iron, 21, 22 

ore, 311, 312, 313 

oxide, 149 
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irrigation, 517, 518 
dam, 619 


Jenner, Dr. Edward, 665 

Johnstown flood, 61 

joists, 242 

Jonathan Edwards family, 098, 
699 

Jupiter, 432. - , 


Kallikak family, 697, 698 
keel, 368, 369 
kerosene, 220, 245, 270, 271 
Key Demonstration, 33, 75 
Key Pictures, 114 
Key Words, 24, 180 
Key Word Stories, 5 
kidneys, 572, 573 
cortex, 572 
medullary region, 572 
pelvis, 572 
pyramids, 572 
ureter, 572 
urinary tubules, 572 
kilowatt, 302 
kindling point, 120 
kinetic energy, 52, 498 
Kissenger, John, 673 
kitchen, model, 630 
unsanitary, 629 
kite, 384, 385, 390 
knot, 377 
knowledge, 16, 17, 18, 49 
Koch, Robert, 40, 197, 617 
kodak, 262 


Lacey Bird Law, 503 

lacteals, 564, 569 

lactic acid, 618 

lakes, 187 

lamp, 270, 271, 276, 280 
socket, 284 

land travel, 343 

Langley, Professor, 386, 387 

LaPlace, Dr., 624 

larva, 634, 640, 647, 671 

larynx, 102, 131 

lath, 242 
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latitude, 376, 441 
parallels, 441, 442 
Lavoisier, Antoine, 118, 119 
Law 
of Unit Characters, 692 
of Dominance, 692 
of Segregation, 692 
of machines, 60 
law, general, 64 
Lazear, Dr. Jesse, 36, 37, 40, 673 
leaf, 493, 494, 497 
section, 495 
leather manufacture, 618 
leaves, 10, 486, 488, 493 
Leeuwenhoek, Anton van, 616 
lens, 252, 261, 264, 265, 266 
concave, 262 
convex, 261 
lever, 56, 58, 59, 81 
brake, 356 
control, 350, 357 
power, 356 
reverse, 353 
Leviathan, 373 
lice, 640 
Liebig, Dr. von, 516 
life, 3, 4, 8, 10, 11, 679 
light, 4, 8, 22, 30, 79, 254, 256, 
279 
artificial, 269, 277 
chemical action, 431 
diffused, 258, 279 
incandescent, 273, 274, 275 
Mazda, 277: 
reflected, 257, 258 
refracted, 259 
tungsten, 274, 276 
lighthouse, 378 
lighting 
direct, 277 
indirect, 278 
semi-direct, 277, 278 
lightning, 466, 467 
lightship, 379 
Lindbergh, 384 
linen, 646 
manufacture, 618 
lines of force, 287, 288 
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Lister, 40 

litmus paper, 165 

liver, 558, 562, 563, 569 

living things, 4, 7-11, 113, 129, 136, 
479 


Livingstone, Robert, 371 
loam, 484 
locomotive, 342, 345, 346, 356, 532 
lodestone, 287 
Lome, Dupuy de, 386 
longitude, 441 

meridian, 442 
Los Angeles, 386, 387 
Los Angeles aqueduct, 187 
low pressure areas, 470, 471 
lungs, 7, 8, 138, 570, 572, 581 
Lusitania, 372 
lye, 177 
lymph, 568 

space, 568 

tube, 568 


machinery, 311 
machines, 56, 57, 58, 59, 60, 82 
Magdeburg hemispheres, 76 
magnesium salts, 165 
magnet, 286, 287 
field, 337 
horseshoe, 287, 410 
permanent, 353 
temporary, 402 
magnetic 
field, 288 
induction, 404 
needle, 286, 375 
north, 286 
poles, 287 
magnetism, 285, 287 
main shaft, 350, 351 
malaria parasite, 639 
malleable, 50 
malnutrition, 565 
man, 11, 12, 15, 45, 46, 52 
primitive, 509 
manganese dioxide, 116 
Marquis wheat, 692 
Mars, 432 
matches, 124 
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materials, 33, 35, 36, 37, 38 
matter, 44, 46-51, 72, 123, 272, 
234 


general properties of, 49 
Maughan, Lieut. Russel, 392 
Mauritania, 372 
Maxim, Hiram, 386, 387 
Mayflower, 374 
McCormick, Cyrus, 513 
meats, 167, 547 
medulla oblongata, 584, 588, 589 
Mendel, Gregor, 691 

laws of, 692, 697 
mercuric oxide, 118 
Mercury, 432 
mercury, 80, 81, 89 
meridian, 442 
meter 

electric, 275, 282 

gas, 282, 340 

water, 162 
method, 32, 33, 35, 36, 37, 38 
microphone, 378, 417 
microdrganisms, 608, 609-631 
micropyle, 487, 683 
middle ear, 105 
milk, 625-627 
Milky Way, 434 
minerals, 311, 492, 536, 537, 538 

dissolved, 566 
mist, 462 
modulation, 418 
moisture, 126, 144 
molds, 608, 613, 615 
molecular action, 217 
molecules, 70, 93, 163, 217, 289, 

316, 319, 494 
moon, 438, 439, 448, 449 

phases, 438 
Moran, John J., 672, 673 
Morse, Samuel, 402, 403, 404 

code of, 406, 407 
mosquito, 11, 12, 36, 37, 634, 635, 

638, 639, 671 

control of, 639 
moths, 8 
motor, 336 

electric, 302, 337, 353 
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mountains, 187, 203, 205, 207, 
473 

moving pictures, 268 

mulch, 203, 517 

music, 99 

musical instruments, 99, 100 

mutants, 689, 690 

mycelia, 523 


narcotics, 604 
nasal passages, 105 
natural laws, 123 
natural selection, 687, 688 
Nature, 31, 32, 36, 40, 80 
navigation, 375 
nearsightedness, 265, 266 
nectar, 684 
needle, 103 
Neptune, 432 
nerve 
afferent, 584 
axon, 584 
canal, 558 
cell, 584, 589 
cord, 186 
dendrites, 584 
efferent, 584, 589, 590 
endings, 684 
fibers, 589 
ganglion, 584 
motor, 584, 590 
neuron, 584 
sensory, 584, 590 
sheath, 584 
nerves, 585, 604 
nervous system, 584, 586 
central, 586, 604 
cerebro-spinal, 587 
sympathetic, 587 
Newcomen, 319, 320, 345 
Newton, Sir Isaac, 433 
Niagara Falls, 330, 335 
nicotine, 595 
night, 434 
nitrates, 622 
nitric acid, 535 
nitrification, 622 
nitrites, 622 
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